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ABSTRAC3T
Experiments were conducted to  e s ta b lis h  the e f f e c t  of l i t t e r  
s iz e ,  m aternal experience and the presence of the f a th e r  on lab o ra to ry  
mouse development. Behaviour was recorded from day 3» a t  the 
e a r l i e s t ,  to  day 30» a t  the  l a t e s t ,  w ith  the  minimum o f d istu rbance 
to  the su b je c ts . D aily  observations were made to  e s ta b lis h  the 
p roportion  o f time the  pups spen t ex h ib itin g  c e r ta in  a c t i v i t i e s .  On
day 30» open f ie ld  t e s t s  were conducted and the  pups* body weights 
were measured.
The main experiment involved a  2 x 2 x 2 design so th a t  the main 
e f fe c ts  of the  th re e  f a c to rs ,  and th e i r  in te ra c t io n s ,  could be a ssessed . 
Although a l l  th ree  fa c to rs  in fluenced  pup behaviour, p a te rn a l presence 
was the fa c to r  w ith  the  g re a te s t  number o f s ig n if ic a n t  main e f f e c ts .  
R ite m a l presence had f iv e  main e f fe c ts  and l i t t e r  s iz e  had fo u r. 
M aternal experience had only one main e f f e c t ,  bu t was involved in  a l l
e ig h t of the s ig n if ic a n t  in te ra c t io n s .  I t  was concluded th a t  both 
the presence o f the  fa th e r  and the sm all l i t t e r  s iz e  in creased  the 
developmental r a te  o f mouse pups, whereas m atem al experience was 
involved in  in d ire c t  e f f e c ts .
Two fu r th e r  experiments were conducted to  in v e s tig a te  ro u tes  by 
which the f a th e r 's  e f fe c t  might be opera tin g . Ihe S p l i t  L i t t e r  
experiment exposed pups to  the  f a th e r ,  in  the absence of th e  mother.
Tbe f a th e r  d isp layed  a  range o f care  tak ing  a c t i v i t i e s ,  very s im ila r  
to  the  m o th er's , and the r e s u l ts  and g eneral observations in d ica ted
th a t  th e  f a th e r  was d ir e c t ly  in flu en c in g  o ffsp rin g  behaviour. Ihe 
S p l i t  Gage experiment showed th a t  the m other's  care tak ing  behaviour 
was a ffec ted  by the presence o f the f a th e r  and was asso c ia ted  w ith 
changed pup behaviour.
I t  was concluded th a t  the f a th e r  a ffe c te d  pups d i r e c t ly ,  mainly 
by providing them w ith  therm al in su la tio n  and t a c t i l e  s tim u la tio n , 
and a lso  a ffe c te d  them v ia  a  m aternal m ediation rou te  by e l i c i t in g  
an increased  d isp lay  of m aternal behaviour.
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Chapter One
G E N E R A L  I N T R O D U C T I O N
Chapter 1 
GENERAL INTRODUCTION
In  th is  p ro je c t I  chose to  in v e s tig a te  the e f fe c ts  o f th ree  
s o c ia l f a c to rs  on lab o ra to ry  mouse (Mus musculus) behavioural 
development; namely l i t t e r  s iz e ,  m aternal experience and the 
presence o r absence o f the f a th e r .  These th ree  fa c to rs  were chosen 
because;
( i )  my prelim inary  observations suggested they were l ik e ly  to
be im portant in  development, both in  the  lab o ra to ry  and in  the w ild .
( i i )  a  body of work a lread y  e x is ts ,  in v e s tig a tin g  these  fa c to rs  in  
a v a r ie ty  o f ro d en ts . Ihe inform ation in  lab o ra to ry  mice i s ,  
however, incom plete and the th ree  fa c to rs  l i s t e d  above a re  r a re ly  
considered in  an in te g ra te d  fa sh io n . In  th is  p ro je c t I  considered 
the f a c to rs ,  n o t only in d iv id u a lly , bu t a lso  from the p o in t o f view of 
th e i r  in te ra c t io n  e f f e c ts .  In  a d d itio n , I  in v es tig a te d  the ro u te s  by 
which some o f the revealed e f fe c ts  were m ediated.
1 . Ihe Size o f the L i t t e r
In  both a la b o ra to ry  and in  the w ild , m aternal f a c to rs  and pup 
m o rta lity  would cause the l i t t e r  s iz e  to  vary from l i t t e r  to  l i t t e r .  
What e f f e c t  would th is  have on the behavioural development of the  
mouse?
Some inform ation i s  a v a ila b le  on the e f f e c t  o f l i t t e r  s iz e  on 
both physica l and behavioural development o f roden t pups.
With few exceptions (Deitchman e t  a l .  1976), most workers have found 
th a t  the s iz e  of the  l i t t e r  a f fe c te d  o ffsp rin g  body w eigh ts. I t  has 
been observed th a t  when pups developed in  very sm all l i t t e r s ,  o r even on 
th e i r  own, death o ften  re su lte d  (Kumaresan e t  a l .  1967; Leigh & Hofer 
1973; Ota & Yokoyama 1967; P r ie s tn a l l  1970). Above a minimum l i t t e r  
s iz e ,  however, which d if fe re d  between d i f f e r e n t  s tu d ie s , rodent 
o ffsp rin g  in  sm all l i t t e r s  experienced la rg e r  weight gains than those 
in  la rg e r  l i t t e r s .  This a s so c ia tio n  between sm aller l i t t e r  s iz e  and 
g re a te r  weight gain  has been n o ticed  in  guinea pigs ( Cavia p o rc e llu s ) 
( s te m  & Bronner 1970), in  lab o ra to ry  r a ts  ( Battus norvég iens)
(F le isc h e r  & Turkewitz 1979? Jen e t  a l .  1978; Lore & Moyer 1973»
M ilkovic e t  a l .  1976; Padmanabhan & Singh I 98O; Rosen 1958; S e itz  1954; 
Ward & d e ra i l  I 968; Wehmer & Jen 1978) and in  lab o ra to ry  mice 
(Brumby I 96O; Eisen e t  a l .  1977; Gates 1925; P r ie s tn a l l  1972).
(In  o rder to  avoid r e p e t i t io n  of names, the s c ie n t i f i c  name of each 
rodent w i l l  only be given the f i r s t  time a  re fe ren ce  i s  made to  i t  in  
each ch ap te r. The only exceptions a re  the  lab o ra to ry  mouse and 
lab o ra to ry  r a t .  S c ie n tif ic  names f o r  these animals w il l  only be given 
in  th is  c h a p te r .)
Other s tu d ie s  have dem onstrated th a t  body weight i s  n o t the only 
measure o f growth and development th a t  has been a s so c ia ted  w ith  l i t t e r  
s iz e .  S c o tt (1970) found th a t  golden ham ster pups (M esocricetus au ra tu s)  
developed a t  a  f a s t e r  r a te  behav iourally  and p h y s ica lly , when in  a  
l i t t e r  s iz e  o f two pups, compared to  a  l i t t e r  s iz e  of e ig h t pups.
Elwood & Broom (1978) found th a t  g e rb il  l i t t e r s  (Meriones u n g u icu la tu s) 
con tain ing  th re e  pups were behav iourally  more advanced than those 
con tain ing  e i th e r  one pup o r f iv e  pups. This conclusion was based on 
the  frequency o f d isp lay  o f c e r ta in  a c t i v i t i e s  and the e a r l i e s t  age a t  
which a c t iv i t i e s  were d isp layed , in  the d i f f e r e n t  s iz e  l i t t e r s .
In  ad d itio n  to  t h i s ,  those in  a  l i t t e r  s iz e  o f th ree  pups were h eav ier 
than the o th e r two groups a t  25 days of age . Eye opening was a lso  
re ta rd ed  in  the la r g e s t  s iz e  group. F le isc h e r  & Turkewitz (1979) 
concluded th a t  l a r g e - l i t t e r  re a r in g , s tu n ted  the development of r a t  
o ffsp rin g . Animals from la rg e  l i t t e r s  ( l 8 to  22 pups) showed d e f ic i t s  
in  a d u lt  lea rn in g  t e s t s  when compared to  su b jec ts  from sm all l i t t e r s  
(4 pups). Wehmer & Jen (1978) found th a t  r a t s  from a  l i t t e r  of fo u r 
pups were 10 per cen t lo nger, grew f a s t e r ,  and opened th e i r  eyes 
e a r l i e r  than r a t s  from a  l i t t e r  o f e ig h t pups. Padmanabhan & Singh 
( 1980) found th a t  when comparing r a t  l i t t e r s  of s ix ,  e ig h t and n ine pups; 
the o ffsprings*  crown-rump le n g th , t a i l  leng th  and p a te llo -c a lc a n e a l 
len g th  were reduced in  the la rg e  l i t t e r s .  L i t te r s  con ta in ing  I 6 r a t s  
experienced s tu n ted  development includ ing  delayed eye opening and fu r  
e ru p tio n , when compared to  l i t t e r s  con ta in ing  e ig h t r a t s  (G a lle r  & 
Turkewitz 1975)
In  lab o ra to ry  mice, P r ie s tn a l l  (197O) found th a t  h is  su b jec ts  
grew f a s t e r  when developing in  a  sm all l i t t e r ,  bu t the time when h a i r  
appeared and the eyes opened was n o t a f fe c te d  by l i t t e r  s iz e .
Open f ie ld  t e s t s  have been used ex ten s iv e ly  by re sea rch ers  in  an 
e f f o r t  to  e s ta b lis h  the e f f e c t  of l i t t e r  s iz e  on roden t development.
Most re sea rch ers  have concluded th a t  a  low am bulation score and a  high 
defaeca tio n  score a re  in d ic a to rs  o f a s ta te  o f high em o tio n a lity .
Using these  c r i t e r i a  to  e s ta b lis h  em o tio n a lity , some workers have no t 
found a  connection between l i t t e r  s iz e  and em otionality  in  lab o ra to ry  
r a t s  (Broadhurst & Levine I 963) and in  lab o ra to ry  mice (G ervais I 978; 
G ervais e t  a l .  1977» Guttman 1978).
5In  c o n tra s t w ith  these  f in d in g s , a  sm all l i t t e r  s iz e  has been a sso c ia ted  
w ith  decreased em otionality  in  the  lab o ra to ry  r a t  (Denenberg 1963a,b;
Lore & Moyer 1973; Rosen 1958; S e itz  195%; Wehmer & Jen 1978) and in  the 
lab o ra to ry  mouse (Deitchman e t  a l .  1976; LaBarba & White 1971;
P r ie s tn a l l  1973%)*
I t  would appear th a t  provided a  l i t t e r  i s  n o t too sm all, pups from 
a sm all l i t t e r  develop a t  a f a s t e r  r a te  than pups from a  la rg e  l i t t e r .  I t  
i s  p o ssib le  th a t  d if f e r e n t  l i t t e r  s iz e s  may a lso  a f f e c t  the parents* 
behaviour towards the pups. Such changed p a ren ta l behaviour may a lso  help  
to  determ ine the l i t t e r - s i z e  e f fe c ts  a lread y  observed in  the o ffsp rin g . 
S tem  & Bronner (1970) found th a t  the la rg e r  the l i t t e r  s iz e  o f guinea 
p ig s , the  g re a te r  the percentage o f time spen t by the mother n u rsin g .
There was no re la tio n s h ip , however, between the l i t t e r  s iz e  and any o th e r 
a sp ec t o f m aternal behaviour. This shows the importance of n o t assuming 
th a t  m aternal behaviour i s  governed by a  u n ita ry  d riv e ; an is su e  which 
i s  d iscussed  l a t e r .  Rat s tu d ie s  in d ic a te  th a t  d e te r io ra tin g  care  i s  
a sso c ia ted  w ith increased  l i t t e r  s iz e  (S e itz  195^, 1958). Leigh & Hofer 
(1973) found th a t ,  w ith  a  l i t t e r  s iz e  o f only one pup, r a t  mothers spen t 
more time adopting a  nursing  p o s tu re , and showed more lic k in g  o f the  pup 
than co n tro l mothers w ith  a  la rg e  l i t t e r ,  ikdmanahhan & Singh ( I 98O) 
suggested th a t  a c ce le ra ted  development in  r a t  pups from sm alle r l i t t e r s ,  
compared to  la rg e r  l i t t e r s ,  was due to  d iffe ren ces  in  the  m other-o ffsp ring  
o r  the o ffsp rin g -o ffsp rin g  s o c ia l  in te ra c t io n s .  O ther r a t  s tu d ie s  
in d ic a te  th a t  mothers o f sm aller l i t t e r s  spend more time in  the  n e s t  w ith  
the  l i t t e r  and a re  g en era lly  more m aternal (Grota 1973s Grota & Ader 1969) 
Grosvenor (1956) and Ota & Yokoyama (196?) n o ticed  th a t  r a t  mothers o f 
sm alle r l i t t e r s  showed decreased in g estio n  o f food in  comparison w ith  
mothers o f la rg e r  l i t t e r s .  This i s  presumably because the  t o ta l  
n u t r i t io n a l  requirem ent o f the o ffsp rin g  would be le s s  in  sm all l i t t e r s .
Kumaresan e t  a l .  (1967) found th a t  r a t  mothers of sm aller l i t t e r s  
produced le s s  milk than mothers o f la rg e r  l i t t e r s ,  h u t n ev erth e less  
there  was more m ilk p er pup. This could exp la in  the f a s t e r  growth 
o f pups from sm all l i t t e r s .
Eisen e t  a l .  (1977) a lso  observed th a t  when lab o ra to ry  mouse 
mothers were nursing  sm aller l i t t e r s ,  the mothers* food in tak e  was lower, 
th e i r  food conversion e ffic ie n c y  was lower during the f i r s t  fo u r days 
and they consumed le s s  during the f i r s t  12 days. They a lso  had sm aller 
mammary g lands. Perhaps these  n u t r i t io n a l ly  linked  f a c ts  a re  n o t 
s u rp r is in g , bu t P r ie s tn a l l  (1970, 1972) provided some a d d itio n a l 
behavioural inform ation on lab o ra to ry  mice. Mothers o f sm alle r l i t t e r s  
spen t more time in  the n e s t ,  spen t more time n u rsin g , spen t more time 
lic k in g  the pups, spen t le s s  time ea tin g  and d rink ing  o u tsid e  the n e s t ,  
self-groom ed more and n e s t- b u i l t  more. Such mothers gave f a r  more 
m aternal a t te n t io n  than did  mothers o f la rg e r  l i t t e r s .
Researches on the Mongolian g e rb il  tend to  confirm th a t  c e r ta in  
a sp ec ts  o f m aternal care d e te r io ra te  w ith la rg e r  l i t t e r  s iz e s ;  f o r  example, 
time in  n e s t  and. body..contact w ith pups (Elwood & Broom 1978) and 
s n if f in g  and lic k in g  the pups (Waring & Perper I 98O).
Although work has been c a rr ie d  ou t in v e s tig a tin g  the e f f e c t  of 
l i t t e r  s iz e  on m aternal behaviour, the fa th e r* s  behaviour could a ls o  
be a f fe c te d . Elwood & Broom (1978) found th a t  in  g e r b i ls ,  the fa th e r* s  
behaviour was a ffe c te d  by l i t t e r  s iz e .  When in  the presence o f a  
sm aller l i t t e r ,  the fa th e r  spen t le s s  time s n if f in g  pups and increased  
time n e s t  b u ild in g ; two e f fe c ts  which were a lso  d isp layed  by mothers 
w ith sm aller l i t t e r s .  Fhthers w ith  sm aller l i t t e r s  a lso  had decreased 
pup body c o n ta c t, sn if fe d  and lic k e d  pups l e s s ,  b u t gnawed the  cage 
bars more o ften  than fa th e rs  o f la rg e r  l i t t e r s .
In  analysing  p a re n ta l and o ffsp rin g  in te ra c t io n s ,  i t  i s  im portant 
th a t  a  d is t in c t io n  i s  made between the amount o f time a  p a ren t i s  
involved in  a  p a r t ic u la r  a c t iv i ty  and the  amount o f time a  s in g le  pup 
i s  on the  rece iv in g  end o f th a t  a c t iv i ty .  This w il l  obviously be 
d i f f e r e n t  f o r  a  su b je c t pup, depending on the s iz e  o f the l i t t e r ;  pups 
in  la rg e r  l i t t e r s  tending to  rece iv e  a  sm aller share o f the p a ren ta l 
ca re .
These s tu d ie s  show th a t  the  l i t t e r  s iz e  e f fe c t  i s  one worthy of 
T urther re sea rch , e sp e c ia lly  s in ce  the s iz e  o f the l i t t e r  may in fluence  
p a re n ta l behaviour, which in  tu rn  may a f f e c t  the physica l and 
behavioural development o f the o ffsp rin g . For th is  reason I  chose to  
use the  l i t t e r  s iz e  v a riab le  and in v e s tig a te  i t s  e f f e c t  on mouse pup 
development.
2 . The M other's Previous Experience.
Most female mice in  the w ild  w i l l  g ive b i r th  to  and r e a r  s e v e ra l
l i t t e r s .  Would the  behaviour o f a  prim iparous mother (a  mother re a rin g
h e r f i r s t  l i t t e r )  be any d i f f e r e n t  from th a t  o f a  m ultiparous mother
(a  mother rea rin g  subsequent l i t t e r s ) ?  I f  so , what d iffe re n c e  would
th is  make to  the pups? I  was p a r t ic u la r ly  in te re s te d  in  the  e f f e c t
o f m aternal experience on the pups* behaviour. Spencer-Booth (l9?0 )
id e n t i f ie d  a  number o f fa c to rs  which a re  l ik e ly  to  in flu en ce  the way
a mother re a c ts  to  h e r o ffsp rin g . They include the s tim u li received
from the  young, the age o f the young, the mother^.s endocrinal s t a t e ,
the  m other's  previous experience o f young, and the p a r i ty  o f the  m other.
Richards ( 1967) suggested th a t  the m other's  previous experience could
in flu en ce  l a t e r  m aternal behaviour, e i th e r  through endocrinal changes
during  the  m other's  previous rep roductive  experiences o r through 
le a rn in g  e f fe c ts .
8The f i r s t  question  to  he  addressed i s  whether the p a r i ty  o f the 
mother a f f e c ts  h e r d isp lay  o f m aternal behaviour, ( in  th is  s tudy , the 
term 'm aternal behav iour' w i l l  r e f e r  to  the behaviour o f a  mother which 
serves a  care tak ing  fu n c tio n . Examples of behaviour which f i t  in to  th is  
category include n u rs in g , nest-T m ild ing , r e tr ie v in g  and l ic k in g  pups.)
Some workers have found th a t  the p a r i ty  o f mother r a t s  d id  n o t a f f e c t  the  
d isp lay  o f m aternal behaviour (Grota 1973; Moltz 4 Robbins 1965)- Hartung 
& Dewsbury (1979) found th a t  p a r i ty  had l i t t l e  e f f e c t  on m aternal 
behaviour in  w hite footed  mice (Peromyscus leu co g is) and in  d eer mice 
( Peromvscus m aniculatus b a i r d i ) .  M aternal r e t r ie v a l  o f g e rb i l  pups was 
u n affec ted  by p a r ity  (Waring & Perper 1979). I t  i s  g en era lly  agreed 
th a t  prim iparous rodent females can function  as e f f i c ie n t  mothers 
(Richards I 967) .  N everthe less , Leblond (19^0) found th a t  m ulti parous 
la c ta t in g  mice were more l ik e ly  to  r e tr ie v e  o ld e r  pups than were 
prim iparous fem ales. Although m ild in te r e s t  in  mouse pups was shown by 
n u llip a ro u s  (rep ro d u c tiv e ly  n a iv e) females (Brown 1953), la c ta t in g  
females showed f a r  more in te r e s t .  Previous experience o f young pups 
was seen to  be an im portant f a c to r  a f fe c tin g  the d isp lay  o f m aternal care  
in  female mice in  s tu d ie s  conducted by N oiro t (1964a,b, 1972a). N oiro t 
(1964a) found th a t  a  h ig h er p roportion  o f female mice showed re tr ie v in g ,  
l ic k in g  and n e s t-b u ild in g , and adopted a  nursing  posture when prim iparous 
compared to  when m ultiparous. P r io r  reproductive  and care tak ing  
experience has been found, th e re fo re , to  both accen tua te  and dim inish  
the d isp lay  o f c e r ta in  asp ec ts  o f m aternal behaviour#
S everal in v e s tig a tio n s  using  r a t s  support the  view th a t  m ultiparous 
females show more m aternal behaviour than n u llip a ro u s  o r  prim iparous 
females (Bruce I 96I ;  G a rlie r  & N o iro t 1965; S e itz  1954,1958; W iesner & 
Sheard 1933). A s tro n g e r  claim  seems to  be ju s t i f i e d  f o r  invoking an
endocrine mechanism fo r  th is  a s so c ia tio n  between p a r i ty  and m aternal 
experience in  r a t s  (R osenb la tt I 969) than in  mice (Leblond 1940; Lisk 
I 97I ;  Richards I 967) .  N o iro t (1964a) suggested th a t  the  primary 
determ inant o f m aternal behaviour in  the mouse was the stim ulus 
c h a ra c te r is t ic s  o f the pups, w ith  hormonal fa c to rs  serv ing  only to  
co u n te rac t the in h ib i t io n  o f m aternal behaviour which was caused by 
prolonged exposure to  the pups and hy the pups ' in c reas in g  age.
Gandelman, Zarrow & Denenberg (1970) found th a t  the r e t r i e v a l  
performance o f a  la c ta t in g  mouse was more pronounced than th a t  of a 
v irg in , when te s t s  were conducted in  a novel environment away from the 
home cage. Hormonal th e o rie s  were provided to  exp la in  th is  r e s u l t .
Care must be ex ercised  when comparing the e f f e c t  o f p a r i ty  on 
m aternal behaviour. I t  i s  conceivable th a t  a  p a r t ic u la r  treatm en t 
may in crease  the d isp la y  o f c e r ta in  a sp ec ts  o f m aternal behaviour and 
decrease the d isp la y  o f o th e rs . I t  would consequently be dangerous to  
assume th a t  m aternal behaviour i s  governed by a  u n ita ry  d riv e  
(Elwood 1979a ; Elwood & Broom 1978; Hinde 1959, 1970). N evertheless 
th ere  i s  evidence to  suggest th a t  a sp ec ts  o f m aternal behaviour a re  
in fluenced  by the  p a r i ty  o f the mother.
The nex t question  which a r is e s  i s  whether changed m aternal 
behaviour w il l  a f f e c t  the development o f the o ffsp rin g . E pstein  & 
G oldstein  (1977) m aintained th a t  the behaviour of a  pup a t  weaning was 
determined by a  combination of g en e tic  c o n s ti tu t io n , in tr a - u te r in e  
experience and p o s t-n a ta l  m aternal c a re . Experim ental evidence i s  
a v a ila b le  to  suggest th a t  v a r ia tio n s  in  m aternal behaviour a re  r e f le c te d  
in  r e s u l t in g  o ffsp rin g  behaviour. Ihe e f f e c t  of d i f f e r e n t  m aternal 
environments on the  behaviour o f mouse pups was dem onstrated by 
Reading ( I 966) .  Pups were reared  from b i r th  to  weaning by f o s te r  mothers
o f e i th e r  th e i r  own o r ano ther s t r a in .  The two s t r a in s  used were
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BALB/c and G57BL/6. The growth and behaviour of the pups ra ise d  by 
a l ie n  f o s te r  mothers tended to  resemble th a t  of the a l ie n  s t r a in  and 
were s ig n if ic a n t ly  d i f f e r e n t  from Ihe growth and behaviour o f comparable 
pups ra ise d  by f o s te r  mothers o f th e i r  own s t r a in .  This i s  perhaps 
n o t a  su rp r is in g  r e s u l t  s in ce  the ea rly  environment o f the mouse pup 
i s  dominated by the mother (R ichards 196?)• I t  would be most su rp ris in g  
i f  h e r behaviour d id  n o t, in  sane way, a f f e c t  the  behavioural development 
o f the o ffsp rin g .
M aternal experience, due to  the p a r ity  o f the mother, th e re fo re , 
seems to  be a  fa c to r  which could have a  f a r  reaching e f f e c t  on pup 
development. For th is  reason I  chose th is  a s  the second of the th ree  
fa c to rs  to  be used in  th is  p ro je c t .
3 . The Presence o f the Father
Once copula to ry  behaviour i s  complete, does the  f a th e r  play any 
continued ro le  in  r e la t io n  to  h is  o ffsp ring? There i s  much evidence to  
suggest th a t ,  in  ro d en ts , he does, ( in  th is  study the term 'p a te rn a l 
behav iour' w i l l  r e f e r  to  the care  tak ing  behaviour d irec ted  towards the 
pups by the  f a th e r .  This may include forms of behaviour which a re  
t r a d i t io n a l ly  thought o f as m aternal behaviour .such a s  l ic k in g  pups, 
re tr ie v in g  pups, accompanying pups in  the n e s t  and n e s t-b u ild in g .)
There i s  good reason fo r  considering  the  f a th e r  as a  source of 
in flu en ce  in  pup development. P o r te r  e t  a l .  (1980), working w ith  the  
p reco c ia l spiny mouse (Acomys c a h ir in u s ) ,  po inted out th a t  s in ce  
a  postpartum o estru s  occurs, i t  i s  l ik e ly  th a t  the  f a th e r  would 
a t  le a s t  be p resen t u n t i l  j u s t  a f t e r  p a r tu r i t io n  in  a  w ild  s i tu a t io n .  
Laboratory evidence i s  provided to  suggest th a t  the rodent f a th e r 's
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ro le  continues throughout th e  pre-weaning p eriod . Throughout the 
o rder of ro d en ts , p a te rn a l behaviour i s  a common phenomenon. I t  has 
been observed in  some form in  the levan te  vole (M icrotus guenthen) 
(Yardini-Yaron 1952), in  the C a lifo rn ia  vole (M icrotus c a lifo rn ie n s )  
(H a tfie ld  1935), in  the  p r a i r ie  vole (M icrotus ochrogaster) (Thomas & 
Bim ey 1979), in  the  E astern  h a rv es t mouse ( Reithrodontomys humulis) 
(Layne 1959), in  the Northern grasshopper mouse (Onychomys leu co g aste r) 
(B uffer 1965) ,  and in  the golden ham ster (Marques & V alenstein  1976; 
Rowell 1961) .
Elwood ( 1975a ,b )  in v e s tig a te d  p a te rn a l behaviour in  g e rb i ls .
He found th a t  during the  development of the  l i t t e r ,  the fa th e r  spen t 
more time in  th e  n e s t than the mother. The fa th e r  a lso  b u i l t  n e s ts  
and lick ed  and sn if fe d  the pups; although to  a le s s e r  ex ten t than the 
mother. Nest b u ild in g  was performed most o ften  when the mother was o ff  
the n e s t and when the young were exposed. Waring & Perper (1979, I 980) 
and McManus ( 1971) a lso  observed the performance of ca re tak in g  d u tie s  
in  g e rb il  f a th e rs .
Animals in  the  genus Peromyscus and in  a sso c ia ted  genera have 
shown p a te rn a l behaviour. Horner (1947) observed fa th e rs  r e tr ie v in g  
young, l ic k in g  the  pups* an o -g en ita l reg ions and stand ing  over the 
young in  a  p ro te c tiv e  manner. Fhthers were seen in  the same n e s t  as  
the mother and pups a t  24 hours postpartum , n e s t-b u ild in g , l ic k in g  the  
young, ca rry in g  the  young in  the mouth, moving pups when the  n e s t  was 
d is tu rb ed  and washing pups. Even i f  th e  f a th e r 's  access to  the pups 
was r e s t r ic te d  by the mother during  th e  ea rly  p a r t  o f t h e i r  development, 
he s t i l l  showed considerab le  care fo r  the pups when they were o ld e r 
(Spencer-Booth 1970). B la ir  ( l9 4 l)  and Hatton & Meyer (1973) observed 
as  much care tak ing  behaviour in  the f a th e r  a s  in  the mother. In  the
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absence o f the m other, the f a th e r  re tr ie v e d  pups, lick ed  them and stood 
over them. Although McCarty & Southw ick(1977a,b) recorded the mother 
spending more time in  the n e s t a rea  and showing more care tak ing  behaviour 
than the f a th e r ,  the  a c tiv e  p a te rn a l ro le  of the male was s t i l l  s tre s se d . 
Hartung & Dewsbury (1979) claimed th a t  sex d iffe re n c e s  in  p a ren ta l 
behaviour were in fre q u en t, and th a t  l ic k in g  pups, n e s t  con stru c tio n  
and r e t r i e v a l  o f pups were a l l  performed by the f a th e r .  I t  was found 
by Dudley (1974b) th a t  fa th e rs  spen t more time in  the n e s t  w ith th e i r  
pups when e i th e r  the mother had l e f t  the n e s t  o r  had been removed from 
the  cage. I t  was a ls o  noted th a t  both fa th e rs  and mothers cared fo r  
the pups equally  re a d ily .
Although B arn e tt ( I 963) suggested th a t  the male plays no ro le  
in  the care  of the  young in  the black r a t  ( B attus r a t tu s )  and in  the 
lab o ra to ry  r a t ,  p a te rn a l behaviour has been observed in  the lab o ra to ry  
r a t  (R osenb la tt I 967) and in  w ild caught R attus fu sc ip es  (Hom er &
Ih y lo r 1969) .
The lab o ra to ry  mouse i s  no excep tion . Leblond (1940) and N oiro t 
(1964b, 1969b) found th a t  male mice responded in  the same way to  young 
pups as  v irg in , pregnant and la c ta t in g  female mice. A ll of these 
groups exh ib ited  r e t r i e v a l ,  l ic k in g  and n e s t-b u ild in g . L i t t l e  d iffe ren ce  
ex is ted  between males and females in  pup r e t r i e v a l  t e s t s .  P r ie s tn a l l  
& Young ( 1978) found th a t  male mice d isp layed  as  much care tak ing  
behaviour as  fem ales. Males were more freq u en tly  in s id e  the n e s t  than 
fem ales.
Elwood ( 1983) reviewed researches providing inform ation on the 
time spen t in  the  n e s t  T?y lab o ra to ry  mouse f a th e rs  and males o f o th e r 
roden t sp ec ie s . He concluded th a t  the a d u lt  male spends in c re a s in g ly
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more time in  the  n e s t  during the f i r s t  p a r t  o f the pre-weaning period  
and spends more time in  the n e s t  than the  female during  the second p a r t  
o f the pre-weaning p eriod .
One could question  a t  th i s  s tag e  whether such behaviour exh ib ited  
by the roden t fa th e r  i s  ty p ic a l of th a t  e x is tin g  in  a  w ild s i tu a t io n .  
Hartung & Dewsbury (1979) d iscussed  whether i t  i s  a r t i f i c i a l  behaviour 
re s u l t in g  from monogamous breeding system s. Elwood (1975b) suggested 
th a t  i t  may be widespread amongst mammals and could e a s ily  take p lace 
in  f ie ld  co n d itio n s . Some valuab le  inform ation was provided by 
Brown (1953) who s tu d ied  mice descended from w ild anim als and bred 
in  a colony. Males were o ccasionally  seen carry ing  young, b u t l i t t l e  
o th e r i n te r e s t  was shown in  them. There a re  a  number o f p o ssib le  
fa c to rs  which could cause p a te rn a l ca re tak in g  behaviour to  be d isp lay ed . 
Lehrman ( I 961) and Richards (1967) have d iscussed  the  p o s s ib i l i ty  of i t  
being c o n tro lled  by the endocrine system . Such evidence i s  provided 
by Leblond ( I 938) and Riddle e t  a l .  (19^2), b u t th e re  i s  a l te rn a t iv e  
evidence to  in d ic a te  th a t  e x p e r ie n tia l  e f fe c ts  such as  proxim ity to  
young may be involved (Leblond 1940; R osenblatt 1967)* As w ith  the 
m other's  care tak ing  behaviour, a  combination o f these fa c to rs  may be 
a t  work. C erta in ly  the presence o f o th e r  a d u lts  does seem to  a f f e c t  
the  e x te n t to  which such p a te rn a l behaviour i s  d isp lay ed . When a d u lt  
male mice were housed in  communal n e s ts ,  i t  was the v irg in  females which 
cared fo r  the pups, b u t when the males were housed alone w ith  the pups, 
a  f u l l  lange o f care tak ing  behaviour was d isp layed  (Gandelman, Pashke, 
Zarrow & Denenberg 1970; Lown I 98O).
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The F a th e r 's  E ffe c t on the O ffsp ring .
Mugford & Nowell (1972) suggested th a t  th e re  were se v e ra l ways 
in  which the f a th e r  could a f f e c t  the  environment o f the developing 
pups. P ossib le  in flu en ces  include the following*
1 . A d i r e c t  e f f e c t ;  f o r  example, through lic k in g  and c lean in g .
2 . M aintaining body tem perature, by being p resen t w ith  th e  l i t t e r  in
i t s  n e s t .
3 . N on-specific  t a c t i l e  s tim u la tio n , again  ty  remaining in  con tac t 
w ith  the  o ffsp rin g .
4 . In te rfe re n c e  w ith  m aternal ca re .
5 . Providing o b jec ts  o f le a rn in g , mimicry o r im p rin tin g .
6 . Pheromonal in flu e n c e .
I t  i s  p o ssib le  th a t  the f a th e r 's  p a r t ic ip a tio n  in  the rea rin g  o f 
the l i t t e r  would be r e f le c te d  in  the  o f fs p r in g 's  development. Crook 
e t  a l .  ( 1976) p o s tu la ted  th a t  the  f a th e r  was accep tab le  to  the mother 
and would s ta y  through g e s ta tio n  and rea rin g  only i f  h is  presence 
s ig n if ic a n t ly  enhanced the su rv iv a l of the o ffsp rin g .
Elwood & Broom's (1978) g e rb i l  study revealed  th a t  pups reared  
in  the presence o f the f a th e r  experienced e a r l i e r  eye opening and were 
behav iourally  more advanced. Under these  cond itions the  pups spen t 
le s s  time in  the n e s t ,  spen t le s s  time w ithout an a d u l t ,  walked more, 
reared  more, climbed more b u t th e re  was no body w eight d iffe re n c e  or 
d iffe re n c e  in  the m o rta lity  of the  o ffsp rin g . The major co n trib u tio n  
o f the f a th e r  was considered to  be th a t  o f maintenance of the pups ' 
body tem peratures. Waring & Perper ( 198O), a lso  working on g e rb i ls ,  
agreed th a t  an im portan t ro le  o f the f a th e r  was a therm al one so th a t  
most energy could be d ire c te d  towards growth and development o f the pups. 
Although F o ste r ( l9 7 l)  found th a t  g e rb i ls  ra ise d  w ithout the a d u lt
15
male were h eav ie r than those ra ise d  w ith  the male, th is  conclusion 
was n o t supported by the same re se a rc h e r 's  subsequent f in d in g s .
McCarty & Southwick (I977a>) suggested th a t  the male paren t had 
an im portant in flu en ce  on the behavioural development of the Southern 
grasshopper mouse (Onychomys to rd -d u s) .  The presence o f the a d u lt  male 
during the pre-weaning period caused an in c rease  in  open f i e ld  a c t iv i ty  
o f female o ffsp rin g , an in crease  in  male o ffsp rin g  aggression  and more 
e f f ic ie n t  predatory  behaviour in  both sexes; compared to  o ffsp rin g  reared  
w ithout the m ale• C a lifo rn ia  mouse (Peromyscus c a l ifo m ic u s )  s tu d ie s  
have revealed  th a t  the  f a th e r 's  presence i s  a sso c ia ted  w ith  maintenance 
of the o f fs p r in g 's  body tem perature and f a s t e r  pup development, includ ing  
the appearance o f body h a i r  and weight gain  (Dudley 1974a)•
In  the  lab o ra to ry  mouse, Qkon ( l9 7 l)  found th a t  pups reared  in  the  
presence o f an a d u lt  male produced fewer u ltrasounds and King & Connon 
( 1955) found the presence o f the male f a c i l i t a t e d  the su rv iv a l o f 
prem aturely weaned m ice. Ib .tem al presence appeared to  be a sso c ia te d  
w ith the  development of mating preference (Mugford & Nowell 1972; Yanai & 
McCleam 1973), w ith f a s t e r  sexual and ph y sio lo g ica l development and w ith 
more rap id  weight gain  in  female mice (Cowley & Wise 1972; F u lle rto n  & 
Cowley 1971) .  Evidence i s  a v a ila b le  to  suggest th a t  th is  i s  an odour- 
induced response. Male odours appear to  a c c e le ra te  sexual m atu rity  in  
female mice, includ ing  the  age a t  which the vagina opened, the  tim ing o f 
the f i r s t  oestro u s  cycle and the tim ing o f the f i r s t  mating (Vandenbergh 
1967, 1969) .  Conner (1972) and F u lle rto n  & Cowley ( l9 7 l)  found th a t  
exposing developing female mice to  a d u lt  m ales, caused the  fem ales to  
a t t a in  th e i r  f i r s t  o es tru s  e a r l i e r  and to  come in to  o es tru s  more 
re a d ily  than co n tro l fem ales. Drickamer & Murphy (1978) and Kennedy &
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Brown (1970) a lso  found th a t  a cce le ra ted  sexual m aturation in  female 
mice was asso c ia ted  w ith  exposure to  a d u lt  male odours. In  
comparison w ith th i s ,  m aternal presence and m aternal odours seem to  
have an in h ib ito ry  e f f e c t  on sexual development (Bronson 1968; Bruce 
1970; Drickamer 1974). F u lle rto n  & Cowley (1971) a lso  found th a t  
female mice reared  in  the presence o f a d u lt  males, experienced 
a cce le ra ted  weight g a in , e a r l i e r  opening o f eyes and e a rs , e a r l i e r  
erup tion  of lower in c is o r s ,  e a r l i e r  unfolding of pinnae, e a r l i e r  
a tta in m en t o f f u l l  f u r  and e a r l i e r  opening o f the vagina; when compared 
to  female o ffsp rin g , reared  e i th e r  in  the  presence o f a d u lt  females 
or in  the presence o f ju s t  the  mother. The presence of the a d u lt  
males was a lso  a sso c ia ted  w ith g re a te r  open f ie ld  a c t iv i ty  sc o re s .
I t  was suggested th a t  p a ren ta l odours were responsib le  f o r  these  e f fe c ts
on pup development and behaviour.
M aternal M ediation of the F a th e r 's  E ffe c t.
I t  i s  possib le  th a t  the f a th e r  may a f f e c t  the pups • development 
by in flu en c in g  the way the mother re a c ts  to  the pups. Changed 
m aternal behaviour in  th e  presence o f the f a th e r  has been noted in  
a  number o f rodent s tu d ie s
Ahroon & F idura (1976) found th a t  the presence o f the male a f t e r  
p a r tu r i t io n  was asso c ia ted  w ith the death  o f o ffsp rin g  and increased  pup 
m o rta lity  in  g e rb i ls .  This r e s u l t  has been questioned, however (Elwood 
1983; G erling & Yahr 1979; K lippel 1979), and now i t  i s  considered th a t  
fa c to rs  o th e r than p a te rn a l presence were l ik e ly  to  have been resp o n sib le  
fo r  the pup m o rta lity . Elwood & Broom (1978) found th a t  w ith  the 
f a th e r  p re se n t, g e rb il  mothers spen t le s s  time nestm build ing , s n if f in g  
pups and gnawing the cage b a rs . I t  was suggested th a t  the  f a th e r  reduced 
the work load and, in  tu rn , the s t r e s s  o f the m other. These same
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workers a lso  suggested th a t  the f a th e r  a f fe c te d  the s tim u li received 
by the mother from the  l i t t e r ,  which in  tu rn  a ffe c te d  h e r m aternal 
behaviour. This changed m aternal behaviour could then have been 
resp o n sib le  f o r  changes noted in  the pups when the f a th e r  was p re sen t. 
Waring & P erper ( I 98O) found th a t  a  r e la tio n s h ip  ex is ted  between the 
n e s t attendance o f the mother and f a th e r ,  so th a t  the  pups were 
seldom l e f t  unattended.
Dudley (1974a) suggested th a t  both a  d i r e c t  e f f e c t  and a 
m aternal m ediation e f f e c t  were operating  in  the C a lifo rn ia  mouse.
In  th is  s tudy , mothers spen t le s s  time in  the n e s t and more time 
in g e s tin g  food when the  f a th e r  was p re se n t.
Richards ( 1966a) suggested th a t  a l te re d  m aternal behaviour, in  
response to  changes in  the stim ulus p ro p e rtie s  of the  young, could 
mediate the e f f e c t  o f handling o f roden t pups. I t  i s  a lso  p o ssib le  
th a t  a m aternal m ediation e f f e c t  could provide the ro u te  of in flu en ce  
from the f a th e r  to  the pups (Mugford & Nowell 1972).
Some s tu d ie s , however, have shown asp ec ts  of m aternal behaviour 
which have n o t been a f fe c te d  by the f a th e r 's  p resence. M aternal 
pup r e t r i e v a l  in  the g e rb il  was n o t s ig n if ic a n t ly  a ffe c te d  by the 
f a th e r 's  presence (Waring & P erper 1979). P r ie s tn a l l  & Young (1978) 
found th a t  the f a th e r  had very l i t t l e  in flu en ce  on the  behaviour o f the 
mother and no e f fe c t  on the physica l development o f the  l i t t e r .
L a te r in  th is  study , the p o s s ib i l i ty  o f the ex istence  o f a  m aternally  
mediated p a te rn a l in fluence  on mouse pup developnent i s  in v e s tig a te d .
Since th e  f a th e r  does play an a c tiv e  ca re tak ing  ro le  and evidence 
i s  a v a ila b le  to  suggest th a t  pup development i s  in fluenced  by the
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presence o f the f a th e r ,  I  have chosen p a te rn a l presence as  the th ird  
so c ia l f a c to r  to  be used in  th is  p ro je c t .  Three s o c ia l  f a c to r s ,  th e re ­
fo re , provide the b a s is  fo r  th i s  re search  p ro je c t .  They a re  *
1. L i t t e r  s iz e .
2. M aternal experience.
3 . P a te rn a l presence.
Whereas i t  i s  common fo r  re sea rch ers  to  m anipulate the 
environment of developing rodents in  o rder to  t e s t  t h e i r  l a t e r  
behaviour ( f o r  example, B roadhurst & Levine 1963; Denenberg & Karas 
I 96O; Denenberg & Zarrow 1971; Dubos e t  a l .  I 968; Du Preez 1964;
Harper I 968; Levine & O tis  1958), th i s  work co ncen tra tes  on more 
immediate e f fe c ts  of environm ental experiences during development.
At no time i s  the  behaviour of any animal s tud ied  a f t e r  day 3O; th a t  
i s ,  when the animal i s  30 days o ld .
4 . In te ra c tio n s  Between the Three V ariab les.
I t  i s ,  of course, p o ss ib le  to  in v e s tig a te  the e f f e c t  o f each of 
the th ree  s o c ia l  fa c to rs  s e p a ra te ly , in  the lab o ra to ry . In  a  w ild 
s i tu a t io n ,  however, a l l  th ree  fa c to rs  would operate  to g e th e r .
What would be the e f f e c t  of in te ra c tio n s  between these environm ental 
v a riab les?  This seemed to  c o n s ti tu te  an im portant q u estion  and 
consequently the main experim ental desig n , described  in  Chapter 3 , 
was devised w ith the examination o f in te ra c tio n s  in  mind.
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5. Development o f  the Research P ro jec t.
Now th a t  the s p e c if ic  research  problems have been d e fin ed , i t  
w i l l  be p o ssib le  to  look ahead to  the r e s t  o f the stu d y .
The rem ainder o f th is  chap ter c o n s is ts  o f o th e r in tro d u c to ry  
m a te ria l on the lab o ra to ry  mouse and i t s  development p erio d .
Chapter 2 d escrib es  my ea rly  experim ental work. This e a r ly  
work enabled s u f f ic ie n t  f a m il ia r i ty  to  be gained w ith  the behaviour 
o f the research  su b je c t to  decide upon p a r t ic u la r  sampling and 
record ing  methods.
Chapter 3 o u tlin e s  the method adopted fo r  the main experim ent, 
which in v e s tig a te d  the e f f e c t  o f the th ree  s o c ia l f a c to r s .
Chapter 4 includes the r e s u l ts  from the main experim ent, w ith  
comments on age trends in  the performance of the o ffsp rin g  
a c t iv i t i e s  which were being m onitored.
Chapter 5 i s  a  d iscu ssio n  chap ter on the r e s u l ts  of the main 
experim ent.
Chapter 6 d escrib es  two fu r th e r  in v e s tig a tio n s  in to  the  mechanisms 
of the p a te rn a l presence e f f e c t .  The purpose of these  experim ents 
was to  determ ine whether the f a th e r  in fluenced  the o ffsp rin g  d i r e c t ly  
o r through the  m ediation o f the mother. The f i r s t  in v e s tig a tio n  i s  
c a lle d  the  S p l i t  L i t t e r  experim ent. I t  involved the d iv is io n  of a  
l i t t e r  o f  n ine pups in to  th ree  groups, exposing each group to  a  d i f f e r e n t  
p a re n ta l in flu en c e . For p a r t  o f  each day, one group was exposed to  the
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fa th e r ,  an o th er was exposed to  the mother and the th ird  was w ithout 
e i th e r  p a re n t. The second in v e s tig a tio n , c a lled  the S p l i t  Gage 
experim ent, involved a  cage which was d iv ided  in to  two s e c tio n s .
The cage enabled pups to  have access to  e i th e r  p aren t w ithout the 
two paren ts  having co n tac t w ith  each o th e r .
Chapter 7 provides a  g eneral d iscu ss io n , where the research  
problems id e n t i f ie d  in  Chapter 1 a re  examined in  the l ig h t  o f the 
r e s u l t s .
6 . Choice o f S ubject Species.
The lab o ra to ry  mouse was chosen as  the  su b je c t spec ies  in  th is  
s e r ie s  o f in v e s tig a tio n s  fo r  se v e ra l reasons.
1. In  a  p ro je c t  previous to  th is  one I  used the same spec ies  as the 
su b je c t and consequently became fa m ilia r  w ith i t s  housing and 
maintenance requirem ents. In  e f f e c t ,  I  had gained se v e ra l years
o f experience w ith th is  animal and f e l t  con fiden t th a t  th i s  f a m il ia r i ty  
would provide a  sound foundation f o r  more advanced work.
2 . The p ro je c t has involved many hours being spen t w ith  the  s u b je c ts . 
For a re sea rch er to  to le ra te  and even enjoy th is  experience, the 
anim als must be p e rso n a lly  accep tab le  to  him. The lab o ra to ry  mouse 
has s a t i s f ie d  th is  cond ition  fo r  me since  I  have found these  anim als 
fa sc in a tin g , in te re s t in g  and, on many occasions, most amusing.
3 . The mouse has a  r e la t iv e ly  s h o r t pre-weaning p e rio d , la s t in g  
approxim ately th re e  weeks. During th is  p eriod , very rap id  development 
takes p lace . The red , h a ir le s s  pups, which a re  r e s t r i c te d  to  th e i r
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n e s t  a t  the  onset of th i s  p eriod , becoae independent ju v e n ile s , 
e x h ib itin g  a  wide range of behaviour p a t te rn s ,  a t  i t s  c lo se . This 
c h a ra c te r is t ic  allow s much d a ta  to  be c o lle c te d  in  a  sh o rt period  of 
tim e.
4 . Laboratory mice a re  inexpensive and easy to  m aintain in  la rg e  
numbers, thus enabling  a  la rg e  sample s iz e  to  be re a d ily  obtained fo r  
experim ents.
3 . The sm all amount of space taken up by the anim als a ls o  provides 
the advantage of modest su rface  a rea  requirem ents f o r  cages and o th e r 
apparatus used fo r  housing the anim als.
6 . The temperament o f th i s  anim al makes i t  very s u ita b le  fo r  being 
housed in  lab o ra to ry  co n d itio n s . In  the presence o f humans, members 
of th is  spec ies  w ill  breed and r e a r  th e i r  young w ithout d i f f i c u l ty .
7 . Already there  i s  a s u b s ta n tia l  body of inform ation on lab o ra to ry  
mice. Tuffery ( I 967) suggested th a t  th i s  species  rep resen ted  40 to
80 p e r cen t of a l l  lab o ra to ry  anim als. Each year the resea rch  fin d in g s  
from numerous behavioural in v e s tig a tio n s  a re  in te g ra te d  in to  th is  
a v a ila b le  knowledge, thus enabling  personal fin d in g s  to  be compared 
and co n trasted  w ith others* work. S tudies have a lso  been conducted 
on many re la te d  spec ies  of ro d en ts ; f o r  example, th e  lab o ra to ry  r a t ,  
the C a lifo rn ia  mouse, and the Mongolian g e rb i l;  and th is  aga in  provides 
a  con tex t to  examine o n e 's  own r e s u l t s .
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7 . Natural H istory o f  the Mouse.
An examination of the  w ild co u n te rp a rt of the lab o ra to ry  mouse 
rev ea ls  th a t  i t  i s  a  very su ccessfu l anim al, l iv in g  o ften  as a 
commensal of man. There a re  few co u n trie s  in  the world which do 
n o t support populations of the house mouse. In  f a c t ,  except fo r  
t ro p ic a l  A frica , i t  l iv e s  in  a  commensal s ta te  w ith man over v i r tu a l ly  
a l l  o f the tem perate and tro p ic a l  land masses o f the world (Berry 1970). 
In  the United Kingdom during  the summer, Matthews ( I 968) claimed th a t  
i t  rep re sen ts  the  th ird  most common sm all mammal. Populations o f these  
anim als l iv e  in  f ie ld s ,  hedgerows, woods, farm s, houses, warehouses, 
f a c to r ie s  and in  many o th e r types of b u ild in g s . The high reproductive  
p o te n tia l  o f these anim als causes astronom ical population s iz e s  to  be 
reached in  sh o rt periods o f tim e.
Rowe ( 1973) suggested th a t  i t  probably has a w ider d is t r ib u t io n  
than any o th e r mammal a p a r t  from man, in h ab itin g  tem perate, t ro p ic a l  
and steppe reg io n s . He a lso  pointed out th a t  i t  could l iv e  in  a  
wide v a r ie ty  of d i f f e r e n t  h a b i ta ts ,  inc lud ing  cold s to r e s ,  r ic e  and 
sugar-cane f ie ld s ,  s a l t  marshes and coal mines.
8 . C h a ra c te r is tic s  o f the Developmental P eriod .
Fb,m iliarity  w ith  the post^-natal developmental period  of the 
lab o ra to ry  mouse i s  necessary  in  o rder to  ap p rec ia te  the im portance 
of the s o c ia l  v a ria b le s  which the developing pups were sub jec ted  to  
in  th is  p ro je c t .
Females a re  polyoestro u s  and, in  common w ith  many o th e r ro d en ts , 
possess a  h i ^  reproductive p o te n t ia l .  With a g e s ta tio n  period o f
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only 21 days and w ith  freq u en t pregnancies r e s u l t in g  from the 
post-partum  o e s tru s , females can give b i r th  to  many l i t t e r s  each y ea r. 
Under la b o ra to ry  co n d itio n s , most s t r a in s  o f mice w il l  produce l i t t e r s  
w ith  a t  l e a s t  seven pups in  them. The ra p id ity  w ith  which l i t t e r s  
follow  one ano ther means th a t  one group o f pups might only be th ree  
weeks old when the a t te n t io n  o f th e i r  paren ts  i s  d ire c te d  away from 
them and towards a  newly bom  l i t t e r .  Pups can e a s i ly  su rv ive  a t  
th i s  age w ithout being dependent upon th e i r  p a re n ts , in d ic a tin g  th a t  
th e i r  development i s  a  very rap id  one.
W illiams & S co tt (1953) have in v e s tig a te d  the development o f 
so c ia l  behaviour in  the mouse. They c a rr ie d  ou t ten  minutes of 
observation  each day from b i r th  u n t i l  the pups were 30 days o ld .
Four n a tu ra l  periods were observed beginning a t  0, 4 , 12 and 25 days. 
They were described  as follow s *
Period 1 . Neonatal P eriod . During th is  period the  pups
were naked and la rg e ly  h e lp le s s . They showed m ostly in g e s tiv e  and
con ta c tu a l  behaviour, and d id  n o t r e a c t  to  sound o r s i ^ t .  There
was no in d ic a tio n  of lea rn in g  c a p a c ity , although th is  was n o t form ally  
te s te d  by the  au th o rs .
Period 2 . T ran sitio n  P eriod . This involved the rap id
development of sensory , motor and psychological c a p a c itie s  which 
provided the b a s is  f o r  fu tu re  changes in  s o c ia l  and grooming behaviour. 
There was an in c rease  in  in v e s tig a tiv e  behaviour during  th is  p erio d . 
Some re ac tio n  to  sound was noted e a rly  on in  the period  and th e re  was 
evidence of a  s t a r t l e  response n ea r i t s  c lo se .
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Period 3 , S o c ia liz a tio n  P eriod . At th e  beginning o f th is
period a l l  o f the sensory organs were fu n c tio n a l. During i t ,  there  
was rap id  motor development and the appearance o f a l l  the 
c h a ra c te r is t ic  s o c ia l  behaviour p a tte rn s  ty p ic a l  o f a d u lt  behaviour. 
The predominant a c t i v i t i e s  were in v e s tig a tiv e  and grooming behaviour. 
There was g re a t s e n s i t iv i ty  to  frig h te n in g  s tim u li ,  w ith  nursing 
d isappearing  a t  the end o f th is  period .
Period 4 . Juven ile  P eriod . F igh ting  appeared during th is
p eriod , and a t  i t s  c lo se , a d u lt  sexual behaviour had developed.
In  c o n tra s t w ith th is  d e sc r ip tiv e  and mainly non-m anipulative 
s tudy . Fox ( 1965) monitored the development o f the mouse by su b jec tin g  
pups to  a  barrage of re f le x o lo g ic a l t e s t s  each day. The r e s u l ts  from 
these  t e s t s  were used to  in d ic a te  the e x ten t to  which n eu ro lo g ica l 
development had taken p lace . Once again  the period o f development 
was div ided  in to  sep a ra te  s ta g e s . This time f iv e  s tag es  emerged.
They were as  follow s *
Period 1. P e r in a ta l Period (O to  3 days. )
At th is  s tag e  a  b i l a t e r a l  s tim u la tio n  o f the face  reg ion  caused the 
anim al to  crawl forw ards. When the animal was turned on i t s  s id e , 
i t  could r ig h t  i t s e l f ,  and when i t  was placed on a  45° slope w ith  i t s  
head p o in tin g  downwards i t  would tu rn  through 180° and crawl upwards. 
I f  the dorsum of the  fo o t was re s te d  on the  edge o f an o b jec t, the  
fo o t would be ra ise d  and placed on the o b je c t. These fo u r re f le x e s  
were weak a t  th i s  s ta g e .
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Period 2 . Neonatal Period (3 to  9 days).
By now the above re fle x e s  were s tro n g . A p ivo ting  and c irc l in g  mode 
of locomotion was observed.
Period 3 . P o s tn a ta l ( t r a n s i t io n )  Period (9 to  15 d ay s).
At th i s  s tage  these  e a r l i e r  re fle x e s  were d isappearing  w h ils t  the 
organs of sp e c ia l sense were becoming fu n c tio n a l. The body v ib ra tio n  
c a lled  hyperk inesis  d isappeared a t  the end o f th is  period and 
over-generalized  sensory responses ( in  which pups responded to  t a c t i l e  
and au d ito ry  s tim u li w ith  gross body movements) were observed.
Period 4 . P o s tn a ta l ( in f a n t i le  ) o r P re -ju v en ile  Period (15 to  26 day s). 
Here th e re  was a  refinem ent o f the  pups* sensory and motor a b i l i t i e s .
The over-generalized  responses to  sensory s tim u li were now d isap p earin g .
Period 5 . Juven ile  Period (26 days u n t i l  sexually  m ature).
A fu r th e r  refinem ent o f sensory and motor s k i l l s  took p lace so th a t  
the su b jec ts  could m anipulate o b jec ts  in  an a d u lt  manner.
These two s tu d ie s  complement each o th e r and s tro n g ly  suggest a 
l in k  between the rap id  behavioural development on one hand and the 
co n tin u a lly  m aturing nervous system on the  o th e r . F u lle r  & Wimer 
( 1968) have provided a summaiy o f pup a c t i v i t i e s  based on the above 
two s e ts  o f re se a rc h e rs ' f in d in g s . Their summary i s  as  follow s i 
On the  day of b i r th  the pups could crawl sideways.
On days 3 to  4 they could p iv o t round using  th e i r  forepaws.
On days 6 to  7 they could stand  and walk.
On day 9 they could run u n s tea d ily .
On day I 5 they could move as  an a d u lt .
Even up to  day 20 they stayed c lose  to g e th e r.
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During the th ird  week they were very f a s t  and a c t iv e ,  tak ing  
long leaps around th e i r  cage. At th is  s tag e  they were 
a p p ro p ria te ly  c a lle d  •popcorn* mice.
Wahlsten (19?4) a lso  e s ta b lish e d  a  time sca le  fo r  lab o ra to ry  
mouse p o s tn a ta l development. For th is  he employed re f le x o lo g ic a l 
t e s t s ,  measures of body w eight, m yelination of 80 f ib r e  t r a c t s  and 
the th ickness o f the e x te rn a l g ran u la r la y e r  of the cerebellum .
Another im portant a sp ec t o f the e a r ly  development o f lab o ra to ry  
mice i s  th a t  o f tem perature re g u la tio n . Lagerspetz ( I 962) and Okon 
( 1970a) have examined the p o s tn a ta l development of homoiothermy in  the 
lab o ra to ry  mouse. Okon (1970a) found th a t  a lb in o  mouse pups develop 
homoiothermy during  the f i r s t  19 days a f t e r  b i r th .  Three d i s t i n c t  
s tag es  o f development were id e n t i f ie d .  These were as  fo llow s :
1 . (days 1 - 6 )  The pups were alm ost com pletely p o ik ilo therm ic  a t  
low am bient tem peratures during  th is  s ta g e .
2 . (days 7 -  l4 )  This was the  t r a n s i t io n a l  s tag e  when the pups
developed homoiothermy a t  tem peratures around 22°C.
3 . (days 15 -  19) The f in a l  s tag e  was ch a rac te rized  by the
development o f f u l l  homoiothermy even a t  low tem peratures.
Linked to  the development o f tem perature reg u la tio n  i s  the 
production o f cold-induced u ltra so u n d s. Okon (1970a) found th a t  the 
u ltrasounds were weak during days 1 to  6 , bu t were much s tro n g e r  from 
days 7 to  13. Then from day l4  onwards, the pups p ro g ress iv e ly  
stopped producing u ltra so u n d s. N oiro t ( 1972b) found th a t  a lthough 
cold-induced u ltrasounds were in freq u e n t and q u ie t  during  the f i r s t  
few days a f t e r  b i r th ,  they increased  in  frequency and in te n s i ty  w ith  
the development of homoiothermy.
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U ltrasounds a re  a lso  tr ig g e re d  by the recep tio n  o f t a c t i l e  
s tim u la tio n . I t  i s  repo rted  th a t  these u ltrasounds follow  a  d i f f e r e n t  
p a tte rn  to  those induced by co ld . They begin w ith  very high in te n s i ty  
pu lses  in  very young pups, b u t g rad u a lly  d ec lin e  w ith  in c reasin g  age 
o f the  pups (N oiro t 1972b; Okon 1970b). N oiro t ( I 966) found th a t  the 
u ltraso u n d s suddenly rose when the  pups were 4 days old and th e i r  ears  
had opened, and th a t  the u ltrasounds had p r a c t ic a l ly  ceased by l4  days 
o f age , when the  pups eyes had opened.
The P a re n ta l Response to  the O ffsp ring .
During the time the pups were developing, the p aren ts  were involved 
in  ca re tak in g  behaviour. A hollow n e s t  would have been construc ted  
p r io r  to  p a r tu r i t io n  and r ig h t  from b i r th  the young mice would rece iv e  
much p a re n ta l a t te n t io n ,  inc lud ing  n u rsin g , l ic k in g  and body c o n ta c t. 
Such a t te n t io n  i s  v i t a l l y  necessary  because the a l t r i c i a l  lab o ra to ry  
mouse pup, u n lik e  some p reco c ia l roden t o ffsp rin g  such as  the  spiny 
mouse (Acomys c a h ir in u s ) (P o rte r  e t  a l .  I 98O), i s  to ta l ly  dependent on 
i t s  paren ts  fo r  n u t r i t io n ,  p ro te c tio n  and tem perature m aintenance. 
N oiro t ( 1972b) found th a t  one of the  p a re n ta l a t t r a c ta n ts  was the 
cold-induced u ltrasounds produced by the pups. These u ltraso u n d s 
induced r e tr ie v in g  and n e s t-b u ild in g .
N oiro t (1969b) showed a  range o f responses a d u lts  ca rry  out in  
the presence o f young mice. One hundred and f i f t e e n  naive a d u lts  
were given a  standard  5 minute t e s t  w ith  a  1 to  2 day old pup. The 
a d u lt  su b jec ts  comprised both males and fem ales, y e t they a l l  r e tr ie v e d  
the pup. One hundred and th ir te e n  lick ed  the pup, 75 ex h ib ited  n e s t-  
b u ild in g  behaviour and 80 d isp layed  a  nursing  p o s tu re .
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I t  would appear th a t  p a re n ta l ca re tak ing  responses dim inish in  
in te n s i ty  a s  the  pup in c reases  in  age . Such responses seem to  depend 
mainly upon ex te rn a l s tim u li a r is in g  from the pups r a th e r  than on 
hormonal changes (Leblond 1940; N oiro t 1964c). Meier & Schutzman 
( 1968) claimed th a t  the mother i s  s e n s itiv e  to  the changing p ro p e rtie s  
of the  roden t pup.
Throughout the e a r ly  p o s tn a ta l period  o f the pups, both paren ts  
and o ffsp rin g  a re  changing in  th e i r  behaviour to  one an o th e r, in  a 
developing p a tte rn  of re c ip ro c a l in te ra c tio n s  (Bronfenbrenner I 968; 
R osenblatt 1965) .  One such in te ra c t io n  i s  th a t  o f  the  o ffsp rin g  
feeding from the mother.
C ertain  c h a ra c te r is t ic s  o f the developing o ffsp rin g  and th e i r  
paren ts  a re  p a r t ic u la r ly  re le v a n t to  th is  p ro je c t and a re  l i s t e d  below.
1 . Newly bom  pups, although f a r  from being independent i n i t i a l l y ,  
develop rap id ly  so th a t  by th re e  weeks o f age they do n o t depend upon 
th e i r  p aren ts  f o r  su rv iv a l.
2 . The behaviour o f the pups, during th is  developmental p erio d , 
changes ra p id ly . I t  i s  a  r e la t iv e ly  easy m atte r to  m onitor 
re la tio n sh ip s  between the pups and the  p a ren ts ; and the  pups* d isp la y  
o f common a c t i v i t i e s  such a s  grooming, exp lo ra to ry  behaviour, locom otor 
behaviour and feed ing .
3 . The pups o f one l i t t e r  tend to  s ta y  to g e th e r during most o f th is  
developmental p erio d . Whether th is  mutual a f f i n i t y  i s  caused by 
physica l l im ita tio n s  o r by so c ia l p re fe ren ces , a  dominant fe a tu re  in  
the developing pup*;s environment w il l  be i t s  l i t te rm a te s .  The 
in fluence  o f the l i t t e r  on the c o n s titu e n t pups i s ,  consequently, worthy 
of s tudy .
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4 . The a t te n t io n  given to  the young anim als by the mother i s  
considerab le  and she consequently rep re sen ts  a  powerful source of 
s tim u la tio n  during the  period  o f development. What e f f e c t  the 
m other's  experience has on the development o f the o ffsp rin g , c o n s ti tu te s  
an im portan t q u es tio n .
5 . O ther a d u lts  share the care tak ing  ro le  w ith  the m other. What 
ex ac tly  the  f a th e r 's  ro le  i s  and the  e f f e c t  th i s  ro le  has on the pups' 
development, a re  l in e s  o f enquiry which can be pursued.
6 . Through being in  c lose proxim ity to  one an o th e r, a complex s e t  
o f re la t io n s h ip s  e x is t  between the pups in  the l i t t e r ,  the mother, 
the f a th e r  and o th e r  a d u lts  which a re  p re se n t. When considering  the 
e f f e c t  one anim al has on an o th e r, both d i r e c t  e f fe c ts  and in d i re c t  
e f fe c ts  must be considered . For example ; a  mother may be a f fe c tin g  
h e r o ffsp rin g  d i r e c t ly  o r , a l te r n a t iv e ly ,  she may be a f fe c tin g  the  
f a th e r  who, in  ex h ib itin g  changed behaviour, a f f e c ts  the o ffsp rin g .
I  s h a l l  term such in d ire c t  e f f e c ts ,  'm ediation e f f e c t s ' .
Chapter Two  
PRELIMINARY EXPERIMENTAL WORK
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CHAPTER 2 
PRELIMINARY EXPERIMENTAL WORK 
1. O bjectives
The ea rly  experim ental work of th is  p ro je c t was intended to  f u l f i l  
th ree  main o b je c tiv e s . These were :
( i )  to  develop some fa m il ia r i ty  w ith the  biology o f the  lab o ra to ry
mouse in  o rder to  provide a  foundation of knowledge on which 
fu tu re  research  l in e s  could be based.
( i i )  to  in v e s tig a te  th e  n a tu re  of pup development during the  p re - 
weaning period .
( i i i )  to  develop sound experim ental techn iques, e sp e c ia lly  fo r  
recording  behaviour.
This experim ental work was an e s s e n tia l  prelim inary  to  the 
subsequent main experim ent. Before a  s p e c if ic  experim ental design 
could be contem plated, a  number of questions needed to  be answered.
The more p e r tin e n t questions a re  o u tlin ed  below.
( i )  Biology o f the  Laboratory Mouse
1. Which s t r a in  o f mouse would be most s u ita b le  to  provide su b jec ts?
2 . What a re  th e  b a s ic , ph y sio lo g ica l requirem ents of th e  su b jec ts?
( l  was anxious th a t  no p h y sio lo g ica l lim itin g  f a c to r ,  such as  a 
n u t r i t io n a l  d e fic ien cy , should be r e f le c te d  in  the  r e s u l ts  o f ,  
what was e s s e n t ia l ly ,  a p iece of behavioural re se a rc h .)
3 . To what ex ten t could the  members o f a  fam ily be m anipulated?
Here, the e f fe c ts  o f the  removal of the f a th e r  and o f th e  members
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of a  l i t t e r  were considered to  be im portan t. Cannibalism in  
roden ts i s  a  well-known phenomenon (Elwood I 98O; Gandelman &
Vom Saal 1975; Rowell I 96I )  y e t i t s  occurrence would be most 
unwelcome in  these re sea rc h e s .
4 . How many pups a re  u su a lly  bom  in  a  l i t t e r ?  This inform ation
was req u ired  in  o rder to  determ ine the l i t t e r  s iz e  v a riab le  le v e ls .
5 . Which cage system would prove most s u ita b le  fo r  meeting the b asic  
requirem ents of the  su b jec ts  w h ils t  a lso  providing adequate 
observation  o p p o rtu n itie s?
( i i )  Nature o f Pup Development.
1 . At what age could record ing  s t a r t  and when should i t  be concluded?
2 . Which behavioural p a tte rn s  would be worth recording? A p i lo t  
study o f pup development would be necessary  in  o rder to  a s c e r ta in  
how to  m onitor the e f fe c ts  o f the  v a riab le s  being te s te d .
( i i i )  Experimental Techniques.
1 . Which approach would prove most s u ita b le  f o r  adoption in  th is
p ro je c t?  There a re  sev e ra l lo g ic a l  approaches to  take*
(a) The non-m anipulative and d e sc rip tiv e  approach which was used 
by W illiams and S co tt (1953) w h ils t  in v e s tig a tin g  the s o c ia l  behaviour 
of the lab o ra to ry  mouse. With th is  approach the emphasis i s  on 
observation  of as n a tu ra l behaviour as i s  p o ssib le  under lab o ra to ry  
co n d itio n s . The su b je c t anim als a re  handled as  l i t t l e  as p o ss ib le  
and a re  consequently u n lik e ly  to  be g re a tly  a ffe c te d  by th i s  re sea rch  
approach.
(b) The m anipulative approach which can involve a  s e r ie s  o f 
re f le x o lo g ic a l t e s t s  and which was used by Fox ( I 965) w h ils t  s tudying
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mice. When adopting  th is  approach, i t  i s  accepted th a t  the developing 
pups w i l l  be handled ex cessiv e ly . Pups are  removed from th e i r  cages 
in  o rd er to  ad m in iste r the  t e s t s .  I n te r e s t  i s  shown in  the responses 
of the pups to  these  s p e c if ic  t e s t s  r a th e r  than to  the  d isp lay  o f th e i r  
n a tu ra l  behaviour. Ihe su b je c ts  w il l  undoubtedly be a f fe c te d  
behav iou ra lly  due to  th e i r  trea tm en t. Wimer and F u lle r  ( 1968) have 
reviewed researches lin k in g  e a r ly  p o s t-n a ta l environm ental experiences 
w ith behavioural changes in  mice.
(c ) A combination o f the two approaches o u tlin ed  above; where 
s o c ia l  behaviour and in te r - s u b je c t  behaviour i s  m onitored, b u t a lso  
where some degree o f human m anipulation i s  involved in  the experim ental 
design .
Ihe exact n a tu re  of the approach which i s  u t i l iz e d  w i l l  be 
determined by the research  questions which a re  to  be answered in  th is  
study ,
2 . How should the record ing  be c a rr ie d  out? In  o rd er to  t r e a t  the 
d a ta  s t a t i s t i c a l l y ,  i t  should e x is t  in  a  q u a n ti ta t iv e  num erical 
form.
3 . At what time during  the day should behaviour be observed and 
recorded?
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2 . E arly  Experim entation
The work o u tlin ed  below i s  described  in  s u f f ic ie n t  d e ta i l  to  
show how t
(a ) the above questions were answered.
(b) the e a r l i e r  experim ental work was in strum en ta l to  the 
development o f l a t e r  experim ents.
( i )  Biology of the Laboratory Mouse.
1 . S tra in  of Mouse. I n i t i a l l y ,  la b o ra to ry  mice were used which 
had been obtained fo r  g en e tic  s tu d ie s .  Ihere  were two types represented. 
One was a b lack v a r ie ty  (++£ia) from P h i l l ip  H arris  B io lo g ica l L td ., 
Oldmixon, Weston-Super-Mare, Avon BS24 9BJ. Ihe o th e r was a  yellow 
v a r ie ty  (A^a^) obtained from G riff in  B io lo g ica l L ab o ra to ries ,
113 Lavender H il l ,  Tonbridge, Kent.
These proved adequate fo r  i n i t i a l  s tu d ie s  w hile b a s ic  questions 
about the biology o f the lab o ra to ry  mouse were being answered, bu t then 
a s in g le  s t r a in  o f mouse was req u ired  s p e c if ic a l ly  f o r  th is  work. Each 
s t r a in  possesses s p e c if ic  c h a ra c te r is t ic s  (LaBarba 196?; LaBarba e t  a l .  
1968; Newell 196?; B alls  196?; R essler 1963; Smith & Powell 1955) and 
i t  became necessary  to  e lim inate  these  i n t e r - s t r a in  d iffe ren ce s  which 
would tend to  contam inate experim ental d a ta . I t  i s  claimed th a t  s t r a in  
d iffe ren ces  can account fo r  la rg e  d iffe ren ce s  in  behaviour, m aturation  
ra te s  and open f ie ld  em otionality  scores (Denenberg 1963a ; H oltz 1971)•
Ihe random bred GFLP s tr a in  was obtained from Carworth Europe, Huntingdon.
The GFLP s t r a in  was recommended to  me on the grounds th a t  the  
anim als were hardy and d isease  r e s i s ta n t ,  were re a d ily  a v a ila b le , and 
th a t  they bred w ell under lab o ra to ry  co n d itio n s . When th is  new stock
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a r r iv e d , anim als used fo r  experim entation were kep t sep a ra te  from those 
anim als used s o le ly  f o r  b reed ing . Tuffery (196?) s tre s se d  th a t  research  
work based on the  use o f young suck ling  mice n e c e ss ita te d  the  production 
o f these anim als ex ac tly  where they would be used. From th is  po in t 
onwards, a l l  p a ren ts  and pup su b je c ts  were produced on s i t e .
In  o rd er to  ensure th a t  a l l  su b jec ts  received  a uniform 
developmental environment, c e r ta in  p a irs  o f anim als were used so le ly  fo r  
the production o f new experim ental s u b je c ts .  Animals used fo r  
experim ental purposes were never used again  f o r  subsequent experim ents 
o r f o r  breeding purposes. Denenberg ( I 969) » Levine ( I 96O,1962a ,b ) , and 
Harlow & Harlow (1962) a re  j u s t  a  few o f the workers who have shown 
the  l a t e r  e f f e c t  o f v a riab le  cond itions in  the ea r ly  experience o f an 
anim al. The relevance of th is  e f f e c t  to  rodents has been dem onstrated 
experim entally  (Denenberg e t  a l .  1966; H all & Whiteman 1951» Kapland 
& Hyland 1972; Manosevitz 1970). Ihe uniform developmental environment 
in  my own work included housing co n d itio n s , n u t r i t io n a l  f a c to r s ,  the  
amount of handling received  and the amount o f co n tac t th a t  was p o ssib le  
w ith o th e r an im als. Ihe environm ental tem perature was m aintained 
throughout a t  20°G and the r e la t iv e  hum idity was between 50 and 60#.
These precau tions were taken to  help  ensure th a t  the fu tu re  experim ental 
r e s u l ts  would n o t be a ffe c te d  by d iffe re n c e s  in  the p a ren ts  caused by 
v a r ia tio n s  in  th e i r  e a r ly  pre and p o s tn a ta l environm ents.
Much o f the work described  in  th is  chap ter was c a r r ie d  ou t on the 
GFLP s u b je c ts . Before the main experim ent, which i s  described  in  
Chapter 3 , was begun; ano ther change was made in  the s t r a in  of mouse.
I  decided to  complement the environm ental un iform ity  w ith  g re a te r  
g en e tic  un ifo rm ity  by using an inbred  s t r a in  o f mouse. F u lle r  &
Wimer ( I 968) described  the value o f inbred  mice to  th e  research  worker
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who was in te re s te d  in  id e n tify in g  environmental sources of behavioural 
d if fe re n c e s . They fu r th e r  m aintained th a t  g en e tic  v a r ia t io n  w ith in  
an inbred  s t r a in  could be s a fe ly  ignored . McGleam e t  a l .  (1970) 
claimed th a t  the  main advantage o f an inbred s t r a in  was the s t a b i l i t y  
o f i t s  mean over consecutive experim ents; and suggested th a t  mice 
o r ig in a tin g  from a common o rig in  b u t m aintained in  d i f f e r e n t  la b o ra to r ie s  
would accumulate g en e tic  d iffe ren c es  only very slowly and remain 
comparable fo r  long periods of tim e. Tuffery (1959) po in ted  out th a t  
the  disadvantage w ith inbred mice was th e  sm all l i t t e r  s iz e  ob tained , 
bu t th a t  th i s  was outweighed by the advantage o f no t having g en e tic  
d iffe re n c e s  in flu en ce  the experim ental r e s u l t s .  Gonsequently BALB/c 
mice were ob ta ined , and a l l  su b jec ts  in  the  experim ental work described  
in  Chapter 3 onwards were members of th is  s t r a in .  The lab o ra to ry  
h is to ry  of th i s  s t r a in  s tre tc h e s  back to  I 917 when they o rig in a te d  from 
a  d e a le r 's  s tock  in  Ohio, U.S.A. These o rig in s  a re  explained in  
Heston (l945),MacDowell e t  a l .  (1927) and S ta a ts  ( 1968) .  BALB/c mice 
have been used freq u en tly  in  behav ioural s tu d ie s  (Wimer & F u lle r  I 966) ,  
and some resea rch ers  (Ginsbuig & A llee 19^2) have claimed th a t  they 
a re  a  r e la t iv e ly  non-aggressive s t r a in .  I t  has been rep o rted  th a t  
■they a re  ch a rac te rized  by a  long co u rtsh ip  period (McGill I 962) ,  re a d ily  
hoarding food (Smith & Powell 1955)» food sharing  w ith o th e r members 
o f the same s t r a in  (F redericson  & Bimbaum 1954), a  high incidence o f 
d efaeca tion  in  open f ie ld  t e s t  apparatus (Thompson 1953), a  f a s t  develop­
ment o f avoidance condition ing  (Royce & Covington i 960) and low open 
f ie ld  a c t iv i ty  scores (Thompson 1953)* A fte r  comparing two s t r a in s  of 
mice, R essler ( 1962) claimed th a t  as  p a re n ts , BALB/c mice handled th e i r  
own and o th e r s t r a in  pups most f req u e n tly ; and as pups, were handled 
most freq u en tly  by th e i r  own and o th e r s t r a in  p a re n ts . Pups a ls o  
obtained h igher sco res in  a  v isu a l exp lo ra tio n  t e s t  when reared  by 
BALB/c paren-bs, compared to  o th e r s t r a in  paren ts  (R essle r  I 963) .
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The o r ig in a l  BALB/c mice used in  th is  lab o ra to ry  were obtained 
as  fo u r t r io s  from Olac Southern, B ic e s te r  in  Ju ly  1975» During the 
time o f th e i r  use in  th is  experim entation they have proven most 
s a tis fa c to ry  in  terms of l i t t e r  production (frequency and s iz e ) ,  
ca re tak ing  behaviour, low pup m o rta lity  and low le v e ls  o f aggressive  
and a n ta g o n is tic  behaviour. A ll su b je c ts  have been taken from th is  
stock  fo r  th is  research  p ro je c t so th a t  the g en e tic  v a r ia t io n  e f fe c t  
could be minimized and emphasis placed on the environm ental e f f e c ts .
A mouse breeding programme operated a s  fo llow s. When mice were 
4 weeks o ld  they were removed from th e i r  paren ts  and placed in  sep ara te  
cages in  p a irs  so th a t  breeding could commence. Tuffery (1959) 
claimed -that monogamous p a irs  have b e t te r  h e a lth  records than harem- 
bred mice. Although s t r i c t  inbreeding procedures were n o t adopted, 
p a ir s  o f mice were always c lo se ly  r e la te d . Such cages, con ta in ing  
mating p a ir s ,  were placed back in  the mouse production zone, o r were 
s e t  a s id e  fo r  experim ental observation . Animals which showed abnormal 
behaviour, such as poor care tak ing  behaviour, o r which produced sub­
standard  l i t t e r s  (co n d itio n  o r s iz e )  were removed from the system.
I t  should be emphasized th a t  only on very few occasions has th is  been 
necessary , and th ere  has been no incidence o f d ise a se .
2 . P hysio log ical Requirements. E^rly problems were encountered 
w ith the BALB/c anim als. An Oxoid 4lB rodent d i e t  obtained  from 
Oxo L td .,  Southward Bridge Road, London, was used w ith  g re a t success 
w ith  the GFLP s t r a in  mice. Serious p h y sio lo g ica l symptoms developed, 
however, when th is  d i e t  was used w ith  the inbred BAL^c s to ck .
Incidence o f pregnancy and l i t t e r  s iz e  was low, pup m o rta lity  was 
high and the cond ition  o f the anim als was poor. This condition  
was ch arac te rized  by an arched back and poor co a t con d itio n .
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D ie t 41B was developed as a  complete d ie t  req u irin g  no supplements 
(Bruce & Barkes 1949); b u t as Tuffery (196?) acknowledged, d if f e r e n t  
s tr a in s  o f mice have d i f f e r e n t  n u t r i t io n a l  requirem ents. Blackmore 
& W illiams (1956) po in ted  ou t th a t  some standard  d ie ts  a re  n u tr i t io n a l ly  
inadequate fo r  some mouse s t r a in s .  Such inadequacies have m anifested 
themselves in  reduced breeding performance and lower w eight gains 
(P o rte r  e t  a l .  1963)*
I  le a rn t  from personal conversation  th a t  th i s  d e trim en ta l e f f e c t  
was no t uncommon in  BALB/c mice. The problem was r e c t i f i e d  w ith the 
in tro d u c tio n  o f 'P roduction  Mouse D ie t ' nu ts  obtained from Labsure 
Animal D ie ts , The C hristopher H ill  Group L td ., A grarian H ouse,Castle 
S tr e e t ,  Poole, D orset. No n u tr i t io n a l  d e f ic ie n c ie s  have been noted 
s in ce  th a t  tim e.
3 . M anipulation of Family Composition. Because I  intended to  
conduct experim ents involv ing  the removal o f in d iv id u a l members of 
a  fam ily of mice, i t  was im portant to  carry  out p i l o t  in v e s tig a tio n s  
in to  the e f f e c t  o f m anipulating the  composition of the fam ily . I t  
was necessary  to  have inform ation on the  degree of m anipulation th a t  
was p ossib le  w ithout causing cannibalism  o r  d ese rtio n  of the young 
by the p a re n ts .
The g e s ta tio n  period  fo r  the  lab o ra to ry  mouse i s  around 21 days 
long. Once a female was recognizably  pregnant w ith a  swollen 
p o s te r io r  abdomen, she was handled and moved from one cage to  an o th e r. 
T h irty  anim als were tre a te d  in  th is  way and in  a l l  cases a  h ea lth y  
l i t t e r  was bom  which was tre a te d  norm ally by the m other. This meant 
th a t  in  s e t t in g  up cages fo r  the experim ental an im als, p regnant fem ales 
could be s a fe ly  tra n s fe rre d  from an o r ig in a l  cage to  a  f re s h ly  cleaned 
cage.
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In  ano ther 30 s itu a t io n s  the  fa th e r  was removed immediately a f t e r  
the  l i t t e r  was bom . Removal o f the fa th e r  apparen tly  caused no 
d is t r e s s  to  the mother and she continued to  d isp lay  normal caretak ing  
behaviour towards the l i t t e r  in  each one o f the 30 experim ents. The 
l i t t e r s  survived to  adulthood in  a l l  cases. Removal o f members of 
the l i t t e r  on day 0 (w ith in  24 hours of being bom ) e l ic i t e d  some 
pup-d irected  a n ta g o n is tic  behaviour towards the remaining pups by the 
p a re n ts . This was n o t a n tic ip a te d  and when paren ts showed c a n n ib a lis t ic  
tendencies the experiment was term inated . The mother was p rim arily  
responsib le  fo r  th is  behaviour.
The mother showed more c a n n ib a lis t ic  behaviour than the fa th e r  
and th is  i s  co n s is te n t w ith the fin d in g s  o f KLwood ( I 98O) in  g e rb ils  
(Meriones ungu icu la tu s) and o f Marques & V alenstein  (1976) in  hamsters 
(M esocricetus a u ra tu s ) . Gandelman & Vom Saal (1973) found the 
opposite was the case in  mice, b u t th e i r  experim ental circum stances 
were somewhat d i f f e r e n t  from my own. In  a  fu rth e r  20 experim ents, 
members o f the l i t t e r  were removed on day 2 (when the pups were 2 days 
old) and in  only one experiment d id  any p a ren t show any c a n n ib a lis t ic  
behaviour. This in  f a c t  was the  m other, bu t such a  r e s u l t  does n o t 
rep resen t a h igher p roportion  than i s  found under normal circum stances, 
when the  l i t t e r  i s  n o t in te r fe re d  w ith .
The above find ings enabled a  po licy  to  be es ta b lish ed  regard ing  
the tim ing o f removal o f members of the  fam ily . Uhder circum stances 
where i t  became necessary  to  remove the f a th e r ,  th is  was c a rr ie d  ou t 
immediately a f t e r  the  l i t t e r  was bom  and p r io r  to  th e  postpartum 
o e s tru s . L i t t e r  s iz e  adjustm ents were c a rr ie d  ou t when the pups 
were two days o ld .
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In  Older to  a s c e r ta in  whether th e re  was a minimum s iz e  l i t t e r  
th a t  would surv ive to  weaning, 10 l i t t e r s  were reduced to  two pups 
and 10 l i t t e r s  were reduced to  one pup. Whereas n ine ou t o f the  
two-pup l i t t e r s  showed no pup m o rta lity , only s ix  out of th e  one-pup 
l i t t e r s  reached 10 days o f age . Such a fin d in g  i s  ex p licab le  in  terms 
of a  minimum suckling  stim ulus req u ired  f o r  continued la c ta t io n .
I t  seems probable th a t  one s in g le  pup does n o t c o n s ti tu te  a s u f f ic ie n t  
stim ulus f o r  the mother to  continue la c ta t in g .  That a  s in g le  pup i s  
n o t a b le  to  e l i c i t  a  f u l l  m ilk -e jec tio n  re f le x  from the  mother and 
th a t ,  consequently , an optimum l i t t e r  s iz e  i s  requ ired  fo r  pup 
development; i s  an issu e  addressed by se v e ra l a u th o rs . Elwood &
Broom (1978) commented on th is  phenomenon and provided supporting 
evidence fo r  i t  from th e i r  study o f l i t t e r  s iz e  in  g e r b i ls .  H arris  
( 1958) claimed th a t  the  suck ling  stim ulus provided by young mammals 
induced p i tu i ta ry  gland sec re tio n s  resp o n sib le  fo r  the maintenance 
o f la c ta t io n .  Were th is  stim ulus to  f a l l  below the necessary  
th re sh o ld , the endocrinal l in k  would be in te rru p te d . Hammond & M arshall 
( 1925) described  an experiment where the young were removed from ra b b it  
mothers (O ryctolagus cun icu lus) .  The mammary glands became in a c tiv e
as a  r e s u l t ,  b u t in  the  same d iscu ss io n  i t  was pointed out th a t  la c ta t io n  
could be prolonged by keeping the young w ith the m other. The suck ling  
s tim u lu s , the au thors claim ed, must n o t only cause p o s te r io r  p i tu i ta ry  
hormones to  be se c re te d , thus causing m ilk e je c tio n , b u t a lso  s tim u la te  
the  se c re tio n  o f the  a n te r io r  p i tu i ta ry  hormones which a re  resp o n sib le  
fo r  la c ta t io n .  Selye (1934), in  an e a rly  s tudy , removed young pups 
from mother r a t s .  Milk se c re tio n  ceased w ith in  a  few days and sh o rtly  
afterw ards th e re  was atrophy o f the  milk se c re tin g  tu b u le s . This, 
once aga in , in d ic a te s  the n ec e ss ity  o f a  s u f f ic ie n t  suck ling  stim ulus 
f o r  continued la c ta t io n .  Bruce ( 1961) extended the  period of la c ta t io n  
fo r  up to  12 months in  the r a t  by co n tin u a lly  s u b s t i tu t in g  an o ld e r
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l i t t e r  w ith  a  much younger one. Here la c ta t io n  was continued by 
providing a  s u f f ic ie n t ly  in te n s iv e  suck ling  stim ulus fo r  a longer 
period  than would have been p ossib le  w ith  the o r ig in a l  l i t t e r .
F u rther inform ation on the m ilk se c re tio n  mechanism i s  found in  
R osenblatt & Lehrman (1963), Dut i t  should a lread y  be apprecia ted  th a t  
care must be exercised  in  o rder to  avoid using  a l i t t e r  s iz e  too sm all 
to  c o n s ti tu te  an e f fe c tiv e  suck ling  stim ulus fo r  the maintenance of 
l a c ta t io n .
Leigh & Hofer (1973) found th a t  pup m o rta lity  was in creased  in  
very sm all l i t t e r s  and Kumaresan e t  a l .  ( I 967) in d ica ted  a  re la tio n s h ip  
between very sm all l i t t e r s  and underdevelopment in  pups. Both of these
fin d in g s  can be a sso c ia te d  w ith  inadequate milk e je c tio n . Because
of the b e t te r  su rv iv a l reco rd , I  decided to  use a l i t t e r  o f two pups 
as the minimum s iz e .  This a lso  provided the advantage of in v e s tig a tin g  
in te r-p u p  re la t io n s h ip s ,  even w ith  a sm all l i t t e r  s ize* . With one 
pup, i t  i s  only p o ssib le  to  observe pup-parent in te ra c t io n s .
A ll o f my p i lo t  experiments rep o rted  so f a r ,  were conducted on 
prim iparous p a re n ts . A sm all number o f a d d itio n a l experim ents in d ica ted  
th a t  m ultiparous paren ts  reac ted  ju s t  as  s a t i s f a c to r i ly  to  the above 
co n d itio n s.
With the above in v e s tig a tio n s  completed, i t  was ev iden t th a t  
l i t t e r  s iz e ,  m aternal experience and p a te rn a l presence could c o n s ti tu te  
workable v a ria b le s  f o r  fu tu re  re sea rch .
4 . Expected L i t t e r  Size Richards (19^7), in  r e fe r r in g  to  common 
lab o ra to ry  mouse s t r a in s ,  in d ica ted  th a t  although la rg e  s t r a in  
d iffe ren ces  do e x i s t ,  the mean l i t t e r  s iz e  i s  between s ix  and ten  pups.
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In  o rder to  id e n tify  an upper l i t t e r  s iz e  f o r  l a t e r  experim entation , 
l i t t e r  s iz e  d a ta  were obtained from mated p a irs  o f mice th a t  had 
each produced th ree  l i t t e r s .  L i t t e r  s iz e s  were counted when the  pups 
were two days o ld . The l i t t e r  s iz e s  were compared using  a  one way 
a n a ly s is  o f v arian ce . I&ble 2 .1  shows the a n a ly s is  summary and 
P ig . 2 .1  shows the r e s u l ts  in  histogram  form. The a n a ly s is  o f variance 
t e s t  has been ex ten siv e ly  u t i l i z e d  in  th is  research  p ro je c t .  Chapter 
3 con ta in s a d d itio n a l d e ta i l s  concerning i t s  u se . Even in  the l i t t e r s  
of prim iparous m others, which were s ig n if ic a n t ly  sm alle r, a  s u f f ic ie n t  
prop o r t i  on had seven pups in  the l i t t e r  to  make i t  p o ss ib le  to  use 
seven as  the  upper l i t t e r  s iz e  in  the  main experim ent.
I t  was decided to  use p aren ts  w ith th e i r  own o ffsp rin g  throughout. 
I f  f o s te r  pups a re  added to  reach a  s p e c if ic  l i t t e r  s iz e ,  a d d itio n a l 
uncon tro lled  v a ria b le s  a re  in troduced (Wimer I 962) . I f  f o s te r  pups 
a re  used a t  a l l ,  i t  would be p re fe ra b le  to  make a l l  pups, f o s te r  pups 
(Ackerman e t  a l .  1977), b u t in  my own work i t  has n o t been necessary  to  
use any. Required l i t t e r  s iz e s  were, th e re fo re , ob tained by c u llin g  
on day 2 .
S. S e lec tio n  o f Cage System. There were two b a s ic  requirem ents 
of the cages used . One was the need to  provide a s a tis fa c to ry  
environment fo r  the lab o ra to ry  m ice. There would have to  be the 
p rov ision  f o r  the d ispensing  of food and w ater, and physica l f a c i l i t i e s  
f o r  n es tin g  and fo r  movement. I f  the a rea  was too cramped, a  f u l l  
range o f behaviour would p o ssib ly  n o t be m anifested . The second 
requirem ent was th a t  of providing the observer w ith  the opportun ity  to  
view th e  su b jec ts  a t .a n y  tim e.
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Tkble 2 .1
A nalysis o f Variance o f L i t t e r  Size Data 
With Scheffe T est R esults
SOURCE OF VARIANCE d f MS F P
PARITY OF MOTHER 2 30.05 4.32 < 0 .0 5
RESIDUAL 150 6.95
The follow ing ab b rev ia tio n s  have been used: 
d f  : degrees o f freedom 
MS : mean square 
F : the F r a t io  
P : the  p ro b a b ility  le v e l
8ch eff^  Test
PARITY OF MOTHER
1ST LITTER 3RD LITTER 2ND LITTER 
Means 4.980__________ 6.1?6 6.412
Any two means n o t underlined  T%r the same l in e  a re  
s ig n if ic a n t ly  d i f f e r e n t .  Any two means underlined  by 
the same l in e  a re  n o t s ig n if ic a n t ly  d i f f e r e n t  (Duncan 1955)
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2 -
2nd I if fer 3rd liffer1s f liffer
parify of mo fher
Fig.2.1 l i f f e r  s ize  means obfained from fhree differenf levels of mafernal 
experience.
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Many d i f f e r e n t  cage types were te s te d  inc lud ing  the much 
recommended Cambridge Mouse Gage from G riff in  B io lo g ica l L abora to ries. 
Although th is  appeared to  s a t i s f y  the  f i r s t  requirem ent, i t  to ta l ly  
f a i le d  to  s a t i s f y  the  second. Ihe to p , which incorporated  food and 
w ater re c e sse s , com pletely obscured the view of the an im als, Most 
commercial roden t cages seemed ap p ro p ria te  f o r  breeding ro d en ts , bu t 
proved inadequate f o r  observation  purposes.
E ventually  P h ilip  H arris  L td .,  63 Ludgate H i l l ,  Birmingham; were 
ab le  to  ob ta in  a s a tis fa c to ry  cage (R ef. no. B5018). Ih is  has base 
measurements o f 300 x 170mm and a  h e ig h t o f 100mm. Ih is  much g re a te r  
he ig h t and f l a t t e r  top provided e a s ie r  v isu a l access to  the  con ten ts 
o f the cage. Again, environm ental un ifo rm ity  was e s s e n t ia l  f o r  a l l  
su b jec ts  and th e i r  p a ren ts , and so 50 cages of th is  type were ob ta ined . 
The cages had opaque polypropylene bases and m etal g r id  to p s . The 
tops housed a  w ater b o t t le  and food (F ig s . 2 .2  and 2 .3 )•
A 25mm depth of softwood sawdust was provided in  each cage. 
I n i t i a l l y ,  absorbent paper s t r ip s  were a lso  provided to  a c t  as  n e s tin g  
m a te r ia l. Ih is  p ra c tic e  was soon d iscontinued  because i t s  u se , by 
the paren ts  in  n e s t  co n s tru c tio n , obscured the view of the young l i t t e r .  
The p rov ision  o f a  few sm all-s ize  wood shavings c o n s titu te d  an improved 
s u b s t i tu te .  N ests were construc ted  as depressions in  the sawdust 
w ith the in c lu s io n  o f wood shavings around the  p erim e te r. These 
n e s ts  appeared to  be to ta l ly  s a t is fa c to ry  to  the mice and provided a 
c le a r  view of the n e s t  co n ten ts . I t  w i l l  be ap p rec ia ted  th a t  such a 
view i s  ab so lu te ly  c ru c ia l  in  an in v e s tig a tio n  o f th is  ty p e .
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F ig .2.2 View from above, of standard cage
Fig. 2 .3  Oblique view of standard cage
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( i i )  Nature o f PuD Development
W illiams & S c o tt (1953) and Fox (1965) have examined veiy 
c a re fu lly  the development o f  behaviour in  the  lab o ra to ry  mouse from 
b i r th  to  adulthood. B ie ir  f in d in g s  a re  reviewed in  Chapter 1 . I t  was 
n o t my in te n tio n  to  rep ea t the work o f  these re se a rc h e rs , b u t r a th e r  to  
become fa m ilia r  w ith  the s tag es  o f  s o c ia l  development during  the  f i r s t  
few weeks o f l i f e .  Such a  fa m il ia r i ty  enabled d ec is io n s  to  be made 
regard ing  the record ing  o f behaviour. Ihe follow ing two sec tio n s  
concern two such d ec is io n s .
1 . At What Age Could Recording S ta r t  and When Shou ld  I t  Be 
Concluded? Prelim inary  experiments were conducted which were so le ly  
in strum en tal in  e s ta b lish in g  gu id e lin es fo r  fu tu re  re sea rch . These 
a re  re fe r re d  to  b r ie f ly  in  th is  s e c tio n .
I t  should be apparen t th a t  record ing  o f pup behaviour could, 
th e o re t ic a l ly ,  begin on day 0 ( th e  day o f b i r th )  and continue r ig h t  
through to  adulthood. C ertain  l im ita tio n s ,  however, were imposed on the  
leng th  o f time f o r  which record ing  was deemed d e s ira b le . Routine 
observations frcrni b i r th  onwards revealed  th a t ,  fo r  a  la rg e  proportion  of 
the tim e, the p aren ts  were in  the n e s t  w ith the l i t t e r .  Day l6  was the 
e a r l i e s t  th a t  the pups were observed leav ing  the  n e s t  f o r  extended periods 
Up to  day 12 they were in  the  n e s t  f o r  most o f the observation  se ss io n s .
Four l i t t e r s  and th e i r  paren ts  were observed w ith  s in g le  
instan taneous scans, a t  randomly se le c te d  times during the  day to  
in v e s tig a te  the  amount o f time pups were v is ib le  in  the n e s t  due 
to  the n e s t  being unattended by e i th e r  p a ren t. These observations 
were made between O9OO hours and I 8OO hours, and during the l ig h t  
phase o f the d ay /n igh t cy c le . For each observation , I  ju s t  recorded 
whether the  n e s t  was a ttended  o r  unattended by the p a re n ts .
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The r e s u l t s  a re  shown in  Th-ble 2 .2 . TVenty readings were obtained 
every two days beginning on day 2 (when the  pups were two days o ld ) .
(The r e s u l ts  shown in  Tfeibles 2 .3 , 2 .4  and 2 .5  were ob tained  in  the same 
way.) For the  f i r s t  few days, n e s t  a ttendance by the a d u lts  was h igh , 
and th i s  caused g re a t  d i f f i c u l ty  to  the observer because th e  view of 
the pups was in te r ru p te d . This view became le s s  in te rru p te d  w ith tim e, 
due to  decreased p a ren ta l n e s t  attendance and due to  an in c rease  in  the 
s iz e  o f in d iv id u a l pups. Because of t h i s ,  I  decided to  begin record ing  
the  s o c ia l  behaviour o f the pups on day 10, As w il l  be d iscussed  l a t e r ,  
m anipulative in v e s tig a tio n s  were a lso  c a r r ie d  o u t, b u t these were no t 
lim ite d  by the  p a ren ts  obscuring the  view o f the pups.
As explained in  Chapter 1, the b r ie f  I  had s e t  f o r  m yself in  th is  
research  was to  examine th e  behaviour o f the mouse during i t s  pre­
weaning p e rio d . Weaning takes p lace  a t  d i f f e r e n t  ages fo r  d i f f e r e n t
rodent sp e c ie s . S v ih la  (1932) rep o rted  th a t  in  the  w hite foo ted  mouse
( Peromyscus leucopus) i t  began a s  e a rly  as  22 days, b u t could occur 
as l a t e  as  day 37. In  the same study i t  was found th a t  the  C a lifo rn ia  
mouse ( Peromyscus c a l i fo m ic u s ) was n o t weaned u n t i l  around day 44. 
Novakova ( I 966) concluded th a t  30 days was the optimum age f o r  weaning 
in  r a t  pups. Richards ( I 967) s ta te d  th a t  th e  age f o r  weaning o f 
lab o ra to ry  mice was 20 to  25 days. This i s  r e fe r r in g  to  common s t r a in s  
o f mice stnd i t  i s  acknowledged th a t  th e re  a re  s t r a in  d iffe re n c e s .
Continuous d a ily  observations w ith  my own mice revealed  th a t  
suck ling  continued u n t i l  day 28, b u t th a t  by th i s  age th e  pups were 
la rg e ly  n u tr i t io n a l ly  independent o f  th e i r  p a re n ts . During the l4  to  
18 day period a  number o f behavioural trends a c c e le ra ted  and th ese  
in d ica ted  the  in c reas in g  physica l independence o f the  pups from th e i r  
p a re n ts . Eating s o lid  food was f i r s t  observed on day 18, as shown in
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Thble 2 .2
Mean Percentage of Total Number o f O bservations 
in  which N est Was L e ft Unattended By Parents
(standard  e r ro rs  a re  given)
MEAN SCORES 
(J6 OF TOTAL NO. OF OBSERVATIONS)
2 11.25 + 4 .25
4 16.25 3.75
6 15.00 6.10
8 18.75 + 7.20
10 23.75 + 3.75
12 28.75 + 6.90
14 21.25 + 2.40
16 21.25 + 16.25
Tkble 2 .3
Mean Percentage o f T otal Number o f O bservations 
in  which Pups Were Eating S o lid  Food
(standard  e r ro rs  a re  g iven)
DAY MEAN SCORES (^  OF TOTAL No. OF OBSERVATIONS)
2 0
4 0
6 0
8 0
10 0
12 . 0
14 0
16 0
18 
20 
22 
24 
26 
28
1 .2 5 + 1 .2 5
2 .5 0 + 1 .4 5
2 .5 0 + 1 .4 5
1 2 .5 0 + 4 .3 5
1 6 .2 5 + 4 .7 5
3 1 .2 5 ± 9 .4 5
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•feble 2 .3 . This i s  c o n s is te n t w ith  the  observations o f W illiams & 
S co tt ( 1953) .
From day l4  onwards the  incidence o f exp lo ra to ry  behaviour by the
pups in c reased . I t  had ex is ted  a t  a low le v e l  up to  th is  p o in t; bu t
then , as  Thble 2 .4  shows, th e re  was an in c re a se . This exp lo ra to ry  
behaviour co n sis ted  o f s n if f in g ,  l i f t i n g  and tu rn ing  the head, and 
com pletely re a rin g  up on the hind lim bs.
Another in te re s t in g  developmental tren d  i s  th a t  o f  self-g room ing .
This experienced a  s p u r t  from day I 6 onwards as  shown in  Thble 2 .5 .
W illiams & S co tt (1953) add th a t  around day 12, sim ultaneous o r 
synchronous behaviour; which inc ludes su ck lin g , grooming and locomotor 
behaviour; d isap p ears . This appears to  co incide w ith  th e  time pups 
begin to  leave the n e s t  and rep re sen ts  a  s te p  towards independence 
from o th e r  an im als. Williams & S co tt a ls o  note th a t  by day 25 e a r ly , 
b u t in e f fe c tiv e  attem pts a t  copu lation  can take p lace . W hilst I  d id  
n o t observe th is  l a t t e r  occurence a t  such an age, i t  i s  c le a r  th a t  by 
day 25 major changes ch a rac te rized  by the  pre-weaning period  have 
a lread y  taken p la ce . Day 2 5 ,th e re fo re , was regarded as a  s u ita b le  
time fo r  the  end o f the record ing  p e rio d . For the main experim ental 
phase, then , record ing  was c a r r ie d  ou t from day 10 to  day 25 in c lu s iv e .
Throughout th is  work the  expressions • record ing  session* and 
•recording period* r e f e r  re sp e c tiv e ly  to  the  d a ily  se ss io n  o f 
observation  and reco rd ing , and the e n t i re  len g th  o f time in  days fo r  
which record ing  was c a rr ie d  o u t.
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Thble 2 .4
Mean Percentage o f Total Number o f O bservations 
in  which Pups Were E xh ib iting  Exploratory  Behaviour
(stan d ard  e r ro rs  a re  given)
DAY MEAN SCORES(J6 OF TOTAL No,, OF OBSERVATIONS)
2 0
4 0
6 1.25 1.25
8 1.25 + 1.25
10 2.50 + 2.50
12 1.25 1.25
14 3.75 + 2.40
16 7.50 + 3.75
18 3.75 + 2.40
20 8.75 + 4.37
22 6.25 + 3.75
24 5.00 + 2.90
26 11.25 + 4.25
28 7.50 2.50
Thble 2 .5
Mean Percentage o f T otal Number o f O bservations 
in  which Puns Were Self-Grooming________
(standard  e r ro rs  a re  given)
DAY MEAN
SCORES
OF TOTAL No., OF OBSERVATIONS)
2 0
4 0
6 1.25 1.25
8 0
10 2.50 + 2.50
12 1.25 + 1.25
14 2.50 + 1.45
16 15.00 + 5.40
18 5.00 + 2.05
20 7.50 + 3.20
22 12.50 + 1.60
24 13.75 + 5 .55
26 16.25 + 4.75
28 11.25 + 2.40
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2 . Id e n tify in g  P e r tin e n t Behavioural P a tte rn s . During these 
ro u tin e  p i lo t  s tu d ie s , c e r ta in  pup behavioural p a tte rn s  were very e a s ily  
no ted . I  have a lread y  re fe r re d  to  su ck lin g , e a tin g  s o lid  food, 
ex p lo ra tio n  and self-groom ing.
There i s  obvious value in  no tin g  which ca teg o rie s  of pup behaviour 
were o f in te r e s t  to  o th e r w orkers. P o r te r  e t  a l .  ( I 98O) considered 
su ck lin g , physica l c o n ta c t, e a tin g  s o lid  food, grooming, b i t in g  and 
chasing , in  spiny mouse pups (Acomys c a h ir in u s ) . Elwood & Broom 
( 1978) focussed th e i r  a t te n t io n  on the  time spen t by g e rb i l  pups in  
the n e s t ,  n ear to  the mother, n ear to  the  f a th e r ,  away from any a d u l t ,  
su ck lin g , w alking, self-groom ing, grooming o th e rs , sc ra tc h in g , re a r in g , 
w re s tlin g , chewing (n o t the cage b a rs)  and clim bing.
B elles  & Wood (1964) used the  follow ing c a teg o rie s  during  th e i r  
study o f the  ontogeny o f behaviour in  the  lab o ra to ry  ra t*  s le e p  and 
r e s t ,  consummatory behaviour, grooming, locom otion, exp lo ra to ry  behaviour, 
burrowing, f ig h tin g  and p lay ing .
The behavioural ca teg o ries  ev en tu a lly  adopted in  th is  study  evolved 
by t r i a l  and e r ro r  from e a r l i e r ,  le s s  s a tis fa c to ry  l i s t s .  TVelve 
ca teg o rie s  were u ltim a te ly  considered im portant and worth reco rd in g .
These were; presence o f the pup in  the n e s t ,  proxim ity to  l i t te rm a te s ,  
proxim ity to  the m other, proxim ity to  the f a th e r ,  locomotor behaviour, 
th ree  ca teg o rie s  o f exp lo rato ry  behaviour ( s n if f in g ,  h e a d - l i f t in g  and 
r e a r in g ) , self-groom ing, su ck lin g , ea tin g  s o lid  food and d rin k in g  
w ater. Some of these  c a teg o rie s  a re  shown in  F igs. 2 .4  to  2 .9 .
A developmental m ilestone i s  reached when pups leave  the  n e s t  f o r  
the  f i r s t  tim e. A c e r ta in  le v e l  o f  p hysica l m aturation  and motor
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co -o rd in a tio n  i s  necessary  before pups a re  ab le  to  leave the n e s t.  
Proxim ity to  o th e r anim als was determined by counting the  times when 
the pup’s head was w ith in  1cm o f the anim al. I t  i s  to  be expected 
th a t  l i t te rm a te  proxim ity scores would be high a t  an e a r ly  stage when 
pups a re  spending the m ajo rity  o f th e i r  time to g e th e r in  the n e s t.
When pups a re  ab le  to  p o s itio n  themselves anywhere in  the cage, th is  
measure would provide a d d itio n a l inform ation on th e i r  tendency to  
remain near each o th e r . Mother proxim ity and f a th e r  proxim ity scores 
would be determined by the paren ts  i n i t i a l l y ,  bu t l a t e r  these  scores 
would r e f l e c t  combined in te r e s t s  of both o ffsp rin g  and p aren ts  (F ig  2 .4 ) .
Locomotion i s  an um brella term inc lud ing  w alking, running, clim bing 
and d igg ing . The type of locomotor behaviour d isp layed , would depend 
upon the motor development of the su b je c ts . Inform ation on a c t iv i ty  
r a te s  would a lso  be provided by m onitoring the amount o f locomotor 
behaviour ex h ib ited  by the pups (F ig . 2.5)*
The th re e  types o f exp lo ra to ry  behaviour would provide a  measure 
of motor development, and a lso  o f the tendency of the  su b je c ts  to  explore 
th e i r  environment. I t  should be ap p rec ia ted  th a t  the  th re e  a c t i v i t i e s ;  
s n if f in g ,  h e a d - l if t in g  and re a rin g ; a re  p rogressive in  ontogeny.
S n iffin g  occurs f i r s t  and i s  a sso c ia ted  w ith  a  c h a ra c te r is t ic  head 
p o s itio n . H ead -liftin g  inco rp o ra tes  s n if f in g  and appears l a t e r  in  the 
development of the su b je c ts . In  the same way re a rin g , which re q u ire s  
much more e f f o r t ,  inco rp o ra tes  the o th e r two exp lo ra to ry  a c t i v i t i e s  
(F ig . 2 .6 ) .  Because of t h i s ,  's n iff in g *  r e fe r s  only to  s n if f in g ;  
•h ead -lif tin g *  r e fe r s  to  h e a d - l if t in g  and s n if f in g ; and ’rearing*  
re fe r s  to  re a r in g ,h e a d - lif t in g  and s n if f in g .  Animals which have deve­
loped the a b i l i t y  to  r e a r ,  w i l l  s t i l l  d isp lay  h e a d - l i f t in g  and 
s n if f in g  as  sep ara te  a c t i v i t i e s .
re,-'
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Fig. 2 .4  Young pups in  n e s t w ith parents
Fig. 2.5  Subject exhib iting locomotor behaviour
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Fig. 2.6 Subjects exh ib iting sn iff in g , h ea d -liftin g
and rearing
Pig. 2 .7  Subject exhib iting grooming
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Self-groom ing i s  included as  ano ther a c t iv i ty  which i s  exh ib ited  
freq u en tly  by developing pups, and consequently has received  some 
a t te n t io n  in  r a t s  (B olles I 96O) and mice (F en tress  & S ti lw e ll  1973). 
Grooming has even been used as  an in d ic a tio n  o f em otional response 
(Robinson I 963) .  Included in  th is  a c t iv i ty  a re  l ic k in g  and 
sc ra tch in g  (F ig . 2 .7 ) .  In  a developed form, th is  behaviour involves 
lic k in g  the forepaws and then u sing  these  to  c lean  the head reg ion .
High frequency hind limb sc ra tch in g  o f the back and head i s  a lso  common 
and th is  begins in  a  rudim entary fash ion  a f t e r  only a few days.
Suckling i s  an obvious auid common form of behaviour which 
p h y sica lly  u n ite s  th e  mother and o ffsp rin g  in  developing mammals (F ig  2 .8 ) .
In  common w ith  Lehrman(196I )  the th re e  term s, ’nursing* , ’suckling* 
and ’suck ling  s tim u lu s’ , w il l  be used as  fo llow s in  th is  study *
Nursing i s  the  behaviour d isp layed by the mother which allow s 
access to  the n ip p les  by the pups.
Suckling i s  the  a c t iv i ty  of the pups sucking the n ip p le . In  
sco ring  th is  a c t iv i ty ,  I  have a lso  included the a c tiv e  approach 
o f the pup in  n ip p le -seek in g . This has been done because o f the 
d i f f i c u l ty  experienced in  determ ining when n ip p le -seek in g  has been 
term inated and suck ling  has begun in  young pups, p a r t i a l ly  hidden 
from view by the  mother.
Suckling stim ulus i s  the sum o f the s tim u li provided to  the mother 
by the pup(s) suck ling .
E ating s o lid  food and d rin k in g  w ater, once ag ain , re p re se n t a c t i v i t i e s  
which a re  only p o ssib le  a t  a  c e r ta in  s tag e  of development and f o r  th is  
reason a re  included as a measure o f th is  s ta g e . Both a c t i v i t i e s  precede
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Fig. 2 .8  Subjects exhib iting suckling
Fig. 2 .9  Subject eating so lid  food
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the s tag e  o f weaning. The e a tin g  of s o lid  food begins w ith the pups 
fin d in g  p a r t ic le s  o f food on the f lo o r  o f the cage which has crumbled 
from la rg e r  p e l le t s  during  a d u lt  feeding (F ig . 2 .9 ) .  E ventually  they 
a re  ab le  to  feed from the p e lle te d  food, deposited  in  the l i d  of the 
cage.
These a c t i v i t i e s  were a l l  im portant asp ec ts  of behaviour which 
were a lso  e a s ily  n o ticed  and easy to  reco rd . I t  was p o ssib le  th a t  
the amount o f time spen t in  them by the su b je c ts  could be a f fe c te d  by 
s o c ia l  fa c to rs  o f the s o r t  under co n sid e ra tio n  in  th is  p ro je c t .
( i i i )  Experim ental Techniques
1. The Research Approach. When record ing  roden t developmental 
behaviour th e re  a re  d i f f e r e n t  lo g ic a l  approaches to  tak e . One i s  the 
non-m anipulative and d e sc rip tiv e  approach. This was used by B elles  
& Wood (1964) w h ils t  in v e s tig a tin g  the ontogeny of behaviour in  r a t  
pups. I t  provides estim ates o f the p roportion  of time the su b jec ts  
a re  engaged in  d i f f e r e n t  kinds o f a c t i v i t i e s .  The re sea rch e r  i s  lim ited  
to  the observation  o f behavioural p a tte rn s  which the anim als a c tu a lly  
do e x h ib it  r a th e r  than the behaviour which the anim als can e x h ib it .
One i s ,  th e re fo re , measuring the  development o f d isp layed  behaviour 
ra th e r  than the development of behavioural c a p a b i l i t ie s .  This i s  a 
common approach to  take w ith any study o f animal behaviour because i t  
i s  e a s ily  conducted and, as mentioned e a r l i e r ,  reduces the  e f f e c t  of the  
observer on the  su b je c ts . Laboratory mouse in v e s tig a tio n s  a re  no 
exception (W illiams & S co tt 1953). Much o f the e a r l i e r  work described  
in  th is  ch ap ter has r e f le c te d  th is  approach, b u t i t  i s  n o t th e  only 
approach taken .
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Fox ( 1965) and Wahlsten (1972) subjected  laboratory mice to  a 
barrage o f r e f le x o lo g ic a l t e s t s  on a d a ily  b a s is  in  order to  a s se ss  
behavioural c a p a b il i t ie s .  Responses made by the pups were measured 
on a s c a le  to  show the in te n s ity  o f  the response. My prelim inary  
researches included a repeat o f  some o f  Fox*s work, but a t  th is  stage  
i s  was more to  study the e f f e c t  o f the method rather than to  confirm  
or refu te  h is  r e s u lt s .  The fo llow in g  t e s t s  were adm inistered on a 
d a ily  b a s is  t
R ighting r e f le x  -  Does the pup re tu rn  to  a  s ta b le  p o s itio n , w ith  
a l l  fo u r f e e t  on the  ground, when placed on i t s  s id e  ?
Forelimb p lac ing  response -  Does the pup r a is e  and p lace  i t s  fo o t 
on the su rface  o f an o b jec t when the  dorsum o f i t s  fo o t i s  placed 
a g a in s t the  o b je c t 's  edge ?
Hindlimb p lacing  response -  As above, bu t w ith  the hindlim b.
A cceleration  r ig h tin g  response -  Does the pup tu rn  in  mid a i r  and 
land on a l l  fours when re leased  from an in v e rted  p o s itio n  ? (This 
response i s  te s te d  over a  sh ee t o f foam ru b b er.)
Rooting re f le x  -  Does the pup crawl forwards when the  face reg ion  
o f the head i s  s tim u la ted  by b i l a t e r a l  p ressu re  adm inistered  w ith  the 
experim enter's  f in g e r  and thumb ?
V ib rissa  p lacing  response -  Does the  pup r a is e  i t s  head and extend 
i t s  forelim bs to  co n tac t an o b je c t when i t  i s  lowered by i t s  t a i l  u n t i l  
i t s  v ib r is sa e  make co n tac t w ith  the  o b jec t ?
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Negative g eo tax is  -  Does the  pup tu rn  and climb up a  degree, 
sandpapeivcovered slope when placed on the slope in  a  downward d ire c tio n  ?
C l i f f  drop av ersio n  -  Does the  pup tu rn  and crawl away from a 
• c l if f*  edge when placed w ith  i t s  forepaws and head over the  edge ?
(This response i s  a ls o  te s te d  above a sh ee t o f foam ru b b er.)
A uricu lar s t a r t l e  response -  Does the  pup show an immediate s t a r t l e  
re ac tio n  when a  r e t ra c ta b le  b a llp o in t  pen i s  "clicked" 5cm from i t s  
head ?
A fte r  running th ese  t e s t s  on th re e  l i t t e r s  o f mice, the follow ing 
observations were made i
(a ) The above t e s t s  could a l l  be c a rr ie d  ou t w ith  ease .
(b ) I t  would be p o ssib le  to  su b je c t d i f f e r e n t  groups o f mice to  d i f f e r e n t  
environm ental v a ria b le s  (such as l i t t e r  s iz e ,  m aternal experience 
and p a te rn a l presence) and see th e i r  e f f e c t  on the responses made
by the  pups to  the  re f le x o lo g ic a l t e s t s .  In  th is  way th e  e f f e c t  
o f th e  v a ria b le s  on behavioural development could be measured.
(c )  The record ing  o f the  in te n s i ty  o f the  response, on e i th e r  a  5 p o in t
o r a 10 p o in t s c a le , was a su b jec tiv e  measure emd d i f f i c u l t  to
carry  out in  p ra c t ic e .  Whereas in tra -o b se rv e r  r e l i a b i l i t y  could 
p o ssib ly  be achieved , i t  i s  questionab le  whether in te r-o b s e rv e r  
r e l i a b i l i t y  could . This i s  obviously im portant when comparing 
the  r e s u l ts  o f d if f e r e n t  s tu d ie s .
(d) This s e r ie s  o f t e s t s  rep resen ted , f o r  s in g le  pups, a  demanding
and s t r e s s f u l  s i tu a t io n  which would su re ly  have i t s  consequent 
behavioural rep ercu ssio n s .
61
(e )  I t  i s  p o ssib le  th a t  m anipulation o f the  pup in te r f e re d  w ith i t s  
s o c ia l  re la tio n s h ip s  w ith l i t te n n a te s  and p a ren ts . Considerable 
d istu rb an ce  to  the  r e s t  o f the  l i t t e r  and paren ts  was caused by 
th e  removal and replacem ent o f the t e s t  pup. I t  i s  a lso  u n lik e ly  
th a t  th e  adu lts*  behaviour would remain u n affec ted  by th is  d a ily  
in tru s io n  in to  t h e i r  normal a c t i v i t i e s .  This, in  tu rn , could 
a f f e c t  the pups* behaviour.
My own view, a f t e r  the  completion o f these  t e s t s ,  was th a t  they 
could provide in te re s t in g  inform ation  about the  way in  which the pups* 
behavioural c a p a b i l i t ie s  changed w ith  age, bu t th a t  the  mode o f te s t in g  
was in te r f e r in g  w ith  the very a sp ec t o f behaviour which I  wanted to  
measure. The environmental v a r ia b le s  th a t  concerned me d id  no t include 
th a t  o f  human in te r fe re n c e . I t  was to  be hoped th a t  the  fin d in g s  of 
th is  p ro je c t  would have some ex te rn a l v a l id i ty  (where in fe ren ces  and 
g e n e ra liz a tio n s  from the  experiment sample would apply to  the w ild 
s i tu a t io n )  as  w ell as  in te rn a l  v a l id i ty .  The re f le x o lo g ic a l  t e s t s  
c o n s titu te d  a  f a r  too  dominant in flu en ce  in  th e  pups* d a ily  s e t  of 
experiences to  be continued. In te rfe re n c e  o f th is  n a tu re  i s  known 
to  cause changes in  subsequent behaviour. P r ie s tn a l l  ( 1973a) showed 
an immediate e f f e c t  o f pup handling on m aternal behaviour. There 
was increased  lic k in g  by the  mother o f handled pups in  the hour a f t e r  
trea tm en t. Lee & W illiams (1974), w h ils t  conducting s im ila r  
researches in  r a t s ,  claimed th a t  more la s t in g  changes in  m aternal 
behaviour occurred . From th is  s tag e  onwards only the  non-m anipulative, 
d e sc r ip tiv e  approach to  record ing  behaviour was continued and i t  was 
f e l t  th a t  i t s  disadvantages were sm all in  comparison w ith  the  
disadvantages o f the re f le x o lo g ic a l t e s t  approach.
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2 . Methods o f Recording Behaviour. There a re  w idely d if fe r in g  
approaches to  record ing  behaviour and two fa c to rs  predominate in  
determ ining which to  u se . One i s  s u i t a b i l i t y  fo r  l a t e r  s t a t i s t i c a l  
a n a ly s is  and th e  o th e r  i s  the  a v a i la b i l i ty  o f equipment. Id e a lly , 
the most e f fe c tiv e  record ing  system would m onitor a c c u ra te ly  the 
behaviour of the su b jec ts  over a 24 hour p erio d , each day fo r  the e n tire  
record ing  p eriod . Since th is  i s  n e ith e r  p ra c tic a b le  nor p o ss ib le , 
a  method o f sampling the  behaviour o f the su b jec ts  must be adopted.
TWO roden t s tu d ie s  exemplify p o ssib le  methods to  adop t. P r ie s tn a l l  
(1970) s tu d ied  lab o ra to ry  mice using  a  10 minute observation  sess io n  
on every a l te rn a te  day. During th is  time he noted a l l  changes o f 
behaviour made by the s u b je c ts . W hilst carry ing  out fu r th e r  
in v e s tig a tio n s , he used extended observation  sess io n s  o f fo u r  hours.
These involved a  technique whereby a number o f d i f f e r e n t  cages were 
observed s e r i a l l y .  The observer moved from cage to  cage and noted on 
a  prepared record  sh ee t the category  of behaviour d isp layed  by each 
su b je c t a t  the time of observa tion . The cycle was completed in  
approxim ately fo u r m inutes. This was continued fo r  fo u r hours and 
th e re fo re  produced a maximum o f 60 sco res fo r  each s u b je c t.  Elwood & 
Broom ( 1978) s tu d ied  g e rb i l  pups on days 0 , 1 and 2 and then on a l te r n a te  
days u n t i l  day 24. Each fam ily group a t  each l i t t e r  age was observed 
fo r  a  t o t a l  o f 30 minutes in  fo u r sep a ra te  seven and a  h a l f  minute 
se ss io n s . There was a t  l e a s t  one 10 minute in te rv a l  between 
successive se ss io n s . The su b je c ts  were observed f o r  10 seconds and 
a  note o f th e i r  behaviour was made on a  prepared record  sh e e t in  th e  
follow ing 5 seconds. This meant th a t  a  maximum score  o f 120 could be 
obtained each day.
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A d is t in c t io n  w il l  now be made between two d i f f e r e n t  techniques 
o f sampling behaviour, namely 'p e rio d  occurrence* and 'in s tan tan eo u s 
sam pling '. Hinde e t  a l .  (1964) and M itchell (1968) a re  workers who have 
used the  period occurrence technique. Ihe technique involves the 
observation  o f behaviour fo r  s h o r t  predeterm ined periods of tim e. These 
periods would each have a  sh o rt d u ra tio n , fo r  example 15 seconds, and 
they would be grouped to  provide a  to ta l  of about 20 sample periods in  
succession . The period  occurrence technique involves the recording o f 
the  occurrence o r  non-occurrence o f c e r ta in  predeterm ined and o b je c tiv e ly  
defined forms of behaviour during each one of these periods of tim e, 
ïhch form o f behaviour w i l l  only be recorded once and so a  measure of 
frequency i s  n o t made. This i s  o ften  re fe r re d  to  as  'o n e -z e ro ' sampling. 
Altmann (1974) pointed  out th a t  most u se rs  o f the technique were 
a ttem pting  to  sample s ta te s  o f behaviour ( th a t  i s  a  behaviour w ith  a  
d u ra tio n , such a s  being in  a  n e s t)  r a th e r  than events (an in stan taneous 
record ing  o f the  onset of behaviour, such a s  en te rin g  a  n e s t) .  When 
the d u ra tio n  of forms of behavior a re  being recorded, a  measure o f 
d u ra tion  i s  needed and so the record ing  se ss io n  must be long enough to  
o b ta in  an estim ate o f the  leng th  o f the  lo n g est d u ra tio n . This 
technique has been c r i t ic iz e d  on the grounds th a t  i t  i s  used w ith  a  toO 
s h o rt  leng th  o f time being a llo c a te d  to  the sampling p e rio d . A rrington  
(1943) has provided a  c r i t i c a l  review o f th is  sampling method. Altmann 
( 1974) continued by d ecrib ing  the technique as  one which ignored the  
im portant d iffe ren ce s  between frequency (d ea lin g  w ith  ev en ts) and 
d u ra tio n  (dea ling  w ith  s ta t e s ) .  M itchell ( I 968) recognized th a t  the 
technique imposed an upper l im i t  on the number o f tim es a  form of 
behaviour could occur, which might be f a r  le s s  than the a c tu a l  frequency. 
Altmann (1974) agreed w ith  th is  c r i t ic is m  and f o r  th is  reason , d id  n o t 
recommend the use o f th is  technique. The p o in t was made th a t  the 
technique o f period occurrence was a  measure o f the frequency o f in te rv a ls
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th a t  included any amount o f time engaged in  a  behavioural category , 
and n o t the percentage o f time spen t in  th a t  a c t iv i ty .  I t  d id  n o t, 
the claim  continued, accu ra te ly  measure e i th e r  du ra tio n  o r frequency 
o f behaviour.
a l te rn a t iv e  to  th is  i s  the instan taneous sampling technique.
Here the observer scans and then records an in d iv id u a l 's  a c t iv i ty  a t  
p re se lec ted  moments in  tim e, such as every minute on th e  minute 
throughout the  hour. This was adopted fo r  use by Richards ( 1966b) 
w h ils t  studying golden ham sters. Simpson & Simpson ( 1977) have poin ted  
out disadvantages of th is  approach. I t  i s  p o ssib le  f o r  the scan to  
miss behaviour which i s  o f  very s h o r t d u ra tio n . Simpson & Simpson 
( 1977) a lso  provided evidence, in d ic a tin g  th a t  th i s  technique does n o t 
provide inform ation on the frequencies  o f the onsets o r  o f f s e ts  o f 
behavioural a c t i v i t i e s .  T y l e r  (1979) added th a t  w ith  a  complex s e t  
o f  behaviours i t  would be conceivable th a t  the observer would b ia s  the  
record ing  towards the more obvious behaviours s in c e , w ith  sev e ra l 
a c t i v i t i e s  securing  sim ultaneously , the le s s  obvious might be ignored .
I t  was approved by Altmann (1974), however, f o r  record ing  e a s i ly  and 
qu ick ly , d is tin g u ish a b le  behaviour, on the grounds th a t  i t  genuinely 
records s ta te s  o f behaviour and provides an unbiased estim ate  o f the 
amount o r percentage of time a  su b je c t devotes to  p a r t ic u la r  a c t i v i t i e s .  
The percentage time i s  estim ated  from the percentage of samples in  
which the  p a r t ic u la r  a c t iv i ty  was recorded. Dunbar ( 1976) compared period 
occurrence to  instan taneous sampling fo r  estim ating  the p roportion  of 
time su b je c ts  were engaged in  grooming. Ihe former gave poor es tim ates  
whereas the l a t t e r  always gave r e l ia b le  e s tim a te s .
On the  above grounds i t  was decided th a t  the  in stan taneous sampling 
technique would be the most d e s ira b le  to  u se . A ll 12 behavioural
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ca teg o rie s  would be recorded sim ultaneously and fo r  th is  reason, only 
one su b je c t animal was observed during any one recording  se ss io n .
This obviously n e g lec ts  the record ing  of behavioural synchrony and 
in te ra c t io n s  between an im als. The d ec is io n  to  adopt th is  's in g le  
su b je c t an im al' approach was only made a f t e r  in v e s tig a tin g  whether a 
s in g le  pup 's  behaviour was ty p ic a l  o f the  e n t i re  l i t t e r .  I t  was 
apparen t th a t  during the f i r s t  12 days of l i f e  the pu p 's  behaviour 
was synchronized w ith  the r e s t  o f the l i t t e r .  When one pup was
su ck lin g , i t  was h igh ly  l ik e ly  th a t  the r e s t  o f the  l i t t e r  was su ck lin g .
Even periods o f a c tiv e  movement and r e s t  were experienced hy the l i t t e r  
a t  approxim ately the same tim es. L a te r , when synchronized behaviour 
was no longer ap p aren t, one pup 's  behaviour appeared to  ty p ify  the 
o th e r pups' behaviour in  terms o f the frequency and d u ra tio n  o f 
a c t i v i t i e s .  Such fo c a l animal sampling, r a th e r  than group sam pling, 
has been used by many au thors in c lu d in g , f o r  example, Rosenblum & 
Kaufman ( 196?) and by Doyle e t  a l .  ( I 969) . I n t r a - l i t t e r  v a r ia tio n s  
w i l l  n o t a f f e c t  the  da ta  w ith  th is  technique. The same fo c a l pup was
observed day a f t e r  day and f o r  th is  reason was marked to  a id
id e n t i f ic a t io n .  Since record ing  d id  n o t commence u n t i l  day 10, when 
h a i r  had grown, th is  was an easy opera tion  and was i n i t i a l l y  c a r r ie d  
ou t w ith  b lack candle-m aker's dye. P o r te r  & Doane (1978) and P o rte r  
& Wyrick (1979) claim  th a t  a  ra p id ly  drying p a in t on the back o f roden ts 
has no n o tic ab le  e f f e c t  on s o c ia l  in te ra c t io n s  involv ing  a d u lts  an d /o r 
in fa n ts  of e i th e r  sex .
The nex t a sp ec t o f recording  to  be determ ined was the  sample 
session  le n g th . Observer fa tig u e ; which Altmann (1974) claimed was 
in fluenced  by f a m il ia r i ty  and experience, the number o f behavioural 
ca teg o ries  being recorded and the  ra p id ity  o f behavioural change; was 
a  major fa c to r  which determined th is  le n g th . The behaviour o f the pups
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did change ra p id ly  and fo r  th is  reason i t  was measured every 5 seconds. 
A fte r experim enting w ith  d i f f e r e n t  len g th  se ss io n s , a  10 minute sess io n  
was adopted, bu t th i s  was ev en tu a lly  reduced to  8 minutes and 20 seconds 
in  o rder to  provide a  maximum o f 100 scores p er day fo r  each o f the  
12 behavioural c a te g o rie s .
The a c tu a l record ing  o f behaviour i s  im portant and obviously must 
n o t in te r f e r e  w ith  the  observation  o f the s u b je c ts . P r ie s tn a l l  (19?0) 
used a  microphone and tape reco rd e r w ith  a  two—channel event reco rd e r. 
During each record ing  se ss io n , each behavioural change was noted v e rb a lly  
and a key depressed on the event reco rd e r. By l a t e r  running back the 
tap e , a measure of d u ra tio n  and frequency o f behaviour was ob ta ined .
A fte r  experim enting w ith  a  tape reco rd er and, l a t e r ,  an a s s i s ta n t ,  I  
even tua lly  s e t t le d  on a  d i f f e r e n t  method whereby the behaviour was 
observed on the tu rn  o f each 5 seconds. No behaviour was recorded 
which occurred in  the  in te rv a l  between two successive s ig n a ls .  The 
time was in d ica ted  by a  low—volume 230Hz s ig n a l produced by a  p iece of 
e l e c t r i c a l  ap p ara tu s. When the s ig n a l sounded, th e re  was no n o ticeab le  
e f f e c t  on the s u b je c t 's  behaviour. The s ig n a l was s ta r te d  10 m inutes 
before the record ing  sess io n  commenced in  o rder to  p reven t any p o ssib le  
s t a r t l e  re a c tio n . During the record ing  se ss io n , a  t ic k  was en te red  on 
a  check sh ee t fo r  each o f the  12 behavioural a c t i v i t i e s  ex h ib ited  a t  
each scan . This was done during the in te rv a l  between two successive 
s ig n a ls .  In  th is  way th e re  was no c o n f l ic t  between the  two d i s t i n c t  
a c t i v i t i e s  o f observing and reco rd in g . With p ra c tic e , th e re  was 
s u f f ic ie n t  time to  make a l l  necessary  records in  the tim e a v a ila b le , 
even when the behavioural changes were p a r t ic u la r ly  ra p id .
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With th i s  system , 12 behavioural scores (rep re se n tin g  the 12 
ca teg o rie s  o f behaviour) were obtained each day f o r  each fo ca l su b je c t 
pup. Although th e re  a re  a c t i v i t i e s  which a re  m utually ex c lu siv e , such 
as  suck ling  and e a tin g  s o lid  food, some a c t i v i t i e s  do n o t preclude o thers  
from a ls o  being ex h ib ited . In  most cases , se v e ra l a c t i v i t i e s  would be 
ex h ib ited  a t  each scan . The maximum score fo r  each o f the  12 a c t iv i t i e s  
was 100. Such a score  o f 100 would only be obtained i f  the  su b je c t 
pup ex h ib ited  th a t  category o f behaviour on every one o f the 100 sound 
s ig n a ls .  Once the e n t ire  record ing  p eriod , up to  day 25, was com plete,
i t  was p o ssib le  to  analyse a l l  o f the d a ily  scores in  each category .
Consequently the  d a ta  were o b je c tiv e , num erical and ready fo r  
s t a t i s t i c a l  trœ itm ent.
O ther measures were taken a t  the  end o f the pre-weaning period  
and these  a re  explained in  Chapter 3 » which d ea ls  w ith  the main 
experim ent.
3 . Time of Day For Recording. Only i f  one wished to  assume th a t  
d iu rn a l and noctu rnal v a r ia tio n  in  behaviour was zero  o r n e g lig ib le , 
would one be ju s t i f i e d  in  record ing  behaviour a t  d i f f e r e n t  times of th e  
day. Ashby (1972), Beck ( 1963), Lockard ( I 963) and Wimer & F u lle r  
( 1968) have in d ica ted  th a t  a  d e f in i te  rhythm of a c t i v i t i e s  takes p lace
during each period  o f 24 hours, which cannot be ignored in  lab o ra to ry
ro d en ts . Tuffery ( 1967) claimed th a t  the lab o ra to ry  mouse breeds w ell 
under a  co n tro lled  a r t i f i c i a l  l i g h t  cycle o f 12 hours on and 12 hours 
o f f .  This cycle was adopted in  common w ith  many o th e r  roden t 
re se a rc h e rs .
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Elwood & Broom (1978) c a rr ie d  out th e i r  g e rb il  record ings during 
the l a t t e r  h a l f  o f the dark 0 iase  of the cy c le . Although P r ie s tn a l l  
( 1970) recorded lab o ra to ry  mouse behaviour a t  d i f f e r e n t  times o f the 
day, he always recorded during  the dark phase. This i s  understandable 
s in ce  the  animal i s  a c tiv e  a t  n ig h t and when record ing  i s  c a rrie d  out 
under red  l ig h t  (a  wavelength which does n o t appear to  s tim u la te  these  
animals* r e t in a l  c e l l s ) ,  n a tu ra l dark # iase  behaviour can be observed 
w ithout the su b jec ts  seeing the  observer.
In  my own work, observation  l ig h tin g  co n sis ted  of a  red  60 Watt 
bulb which was placed over the  s u b je c ts ' cage, and which was operated 
by a time sw itch to  come on one hour before the record ing  commenced.
The most convenient time f o r  me to  re g u la rly  record  behaviour 
on a  d a ily  b a s is  was e a rly  in  the morning and so the l ig h t  ^hase 
began a t  O9OO hours. The l i g h t  phase ran from O9OO hours u n t i l  2100 
hours and the dark phase from 2100 hours to  O9OO hours. By record ing  
behaviour between 07OO hours and O9OO hours each day, I  was ab le  to  
take f u l l  advantage o f the l a t t e r  p a r t  o f the dark phase.
As a r e s u l t  o f  completing the  ea rly  experim ental work, o u tlin ed  
in  th is  chap ter, s u f f ic ie n t  b as ic  and foundationa l knowledge and s k i l l s  
were e s ta b lish ed  to  proceed to  the  main experim ent. This i s  o u tlin ed  
in  Chapter 3-
Chapter Three
THE MAIN EXPERIMENT : MATERIALS AND ME^'HODS
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CHAPTER 3
THE MAIN EXPERIMENT t MATERIALS AND METHODS
The purpose o f th is  experim ental work was to  e s ta b lis h  the e f fe c t  
o f th re e  v a ria b le s  on mouse pup behavioural development.
The th re e  v a r ia b le s  were t
1 . L i t t e r  s iz e
2 . M aternal experience
3• P a te rn a l presence
Reasons a re  given fo r  the s e le c tio n  o f these  v a ria b le s  in  Chapter 1, 
In  th is  ch ap ter a  f u l l  d e sc rip tio n  i s  given o f the m a te r ia ls  and methods 
used, both fo r  experim ental work and fo r  s t a t i s t i c a l  tre a tm e n ts . I  
was n o t only in te re s te d  in  the s p e c if ic  e f f e c t  o f the th ree  v a r ia b le s , 
bu t a lso  in  the  e f f e c t  of any in te ra c tio n s  between the v a r ia b le s .
To s a t i s f y  these requirem ents, a th ree  f a c to r  f a c to r ia l  design was 
adopted .
1 . Experim ental Design
A design  was requ ired  which would rev ea l whether o r n o t each o f the 
th ree  independent v a ria b le s  had any system atic  e f f e c t  on the  behaviour 
of the developing mouse pups. A f a c to r ia l  design w ith  equal numbers 
o f observations p er c e l l  was employed, w ith  a fix ed  e f f e c t  a n a ly s is  of 
variance used to  t e s t  the e f fe c ts  of the v a r ia b le s . The choice of 
th is  design p resen ted  sev era l advantages. The m u lt i - f a c to r ia l  design 
has been advocated on the grounds th a t  i f  f a c to rs  a re  s tu d ied  
co n cu rren tly , the  t o t a l  number o f su b je c ts  needed fo r  experim entation 
can be reduced (G uidelines For The Use o f Animals in  Research I 98I ;
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S t i l l  1982) .  The more t r a d i t io n a l  approach, o f studying  the e f fe c ts  
o f d i f f e r e n t  treatm en ts  in  d i f f e r e n t  experim ents, does n o t allow the 
e f fe c ts  o f in te ra c tio n s  between treatm ents to  be in v e s tig a te d .
In  th is  study i t  was considered d e s ira b le  to  eva lu a te  the  e f fe c t  
o f in te ra c t io n s .  As explained in  Chapter 1, the v a r ia b le s  in  question  
would be p e r tin e n t in  a  w ild s i tu a t io n  where th e re  would be the 
opportun ity  fo r  combinations o f these fa c to rs  to  e x e r t t h e i r  e f f e c t .
A r e a l i s t i c  design , th e re fo re , would n e c e s s ita te  the in c lu s io n  of such 
combinations o f f a c to rs .  P e trin o v ich  ( I 98I )  has commented on the 
s u i t a b i l i t y  of the m u lt i - f a c to r ia l  design and th e  use o f the an a ly s is  
o f variance fo r  research  o f th is  n a tu re .
Ibb le  3 .1  shows the experim ental design in co rp o ra tin g  the th ree
v a r ia b le s . A 2 x 2 x 2 design was used w ith  fo u r s e ts  o f r e p l ic a te s .
This rep resen ted  32 l i t t e r s  w ith a t o t a l  of l44  pups. One s e t  o f 
r e s u l ts  was obtained fo r  each l i t t e r .
Two widely d i f f e r e n t  l i t t e r  s iz e s  were chosen. Small l i t t e r s  
contained two pups and la rg e  l i t t e r s  contained seven pups. IWo pups 
in  a  l i t t e r  provided a s u f f ic ie n t  stim ulus f o r  continued la c ta t io n  and 
enabled observations to  be made on any in te ra c t io n  which might take 
p lace  between th e  su b je c t pup and a l i t te rm a te .  A l i t t e r  s iz e  of a t  
l e a s t  seven pups could be expected from most p a r tu r i t io n s  and seven was 
th e re fo re  chosen as  the s iz e  o f the  la rg e  l i t t e r .  On day 2 ( th e  b i r th
day rep resen tin g  day O), the l i t t e r  s iz e s  were obtained by c u ll in g .
Delaying u n t i l  day 2 , avoided l i t t e r  d istu rb an ce  during  the very 
s e n s it iv e  ea r ly  postpartum period  when paren ts  a re  more l ik e ly  to  
d isp lay  in fa n tic id a l  behaviour.
T&ble 3.1
F actor Arrangement Tb-ble
E ight d i f f e r e n t  arrangem ents e x is t  w ith in  one r e p lic a te  
s e t .  R esults from fo u r s e ts  o f r e p l ic a te s  were ob tained .
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L i t t e r  S ize P a r ity  o f Mother Presence o f F ather
Absent
Prim iparous
Two Pups
P resen t
Absent
M ultiparous
P resen t
Absent
Prim iparous
Seven Pups
P resen t
Absent
M ultiparous
P resen t
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The second v a r ia b le  was m aternai experience. Again two forms of 
th is  v a r ia b le  were chosen. The f i r s t  was the prim iparous s t a t e ,  and 
the second was the  m ultiparous one. The mother never experienced a  
change in  breeding p a r tn e r  which meant th a t  the p a re n ta l experience 
of th e  f a th e r  was always the same as th a t  o f the mother he accompanied. 
This, consequently , must be borne in  mind when evaluating  the  e f fe c t  
of the  v a r ia b le .
The th ird  v a ria b le  was th a t  o f p a te rn a l presence. In  h a lf  o f the 
experim ental cages, the fa th e r  was p resen t and in  the  o th e r h a lf  he 
was removed. The f a th e r  was removed, a s  i s  explained in  Chapter 2 , 
on day 0 , ju s t  a f t e r  the l i t t e r  was bom . Removing the  fa th e r  on 
day 0 prevented copulation  and the onset o f g e s ta tio n  during  the 
postpartum o e s tru s . In  the event of any experim ental su b je c t m o rta li ty , 
the l i t t e r  was n o t included in  the a n a ly s is ,  and any r e s u l ts  a lread y  
obtained were d isca rd ed . Another l i t t e r  was then in troduced  to  make 
good the  lo s s .  I f  a  mother became n o ticeab ly  pregnant during  the 
record ing  period , the r e s u l ts  obtained from th a t  l i t t e r  were no t used 
in  the a n a ly s is  s in ce  the changed endocrinal s ta te  during  pregnancy 
could a f f e c t  h er m aternal perform ance. Again, under these  
circum stances, an o th er l i t t e r  was s u b s ti tu te d  to  ensure th a t  complete 
s e ts  o f da ta  were ob tained .
2 . P reparation  For Experim entation
The su b jec ts  and th e i r  housing cond itions a re  described  in  Chapter
2 . Food and w ater were provided ad lib itu m . As soon as  the female 
became no ticeab ly  pregnant, the p rospective paren ts  were placed in to  
clean  cages w ith  f re sh  sawdust. As explained above, once the  l i t t e r  
was bom , adjustm ents were made to  the l i t t e r  s iz e  and, where n ecessa ry ,
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the  f a th e r  was removed. From th is  p o in t through to  day 9 , the fam ily 
group was n o t in te r fe re d  w ith .
On day 9 the  f a th e r  was marked to  d is tin g u ish  him from the mother 
during  observation  se ss io n s . On the same day a fo c a l su b jec t pup was 
chosen and marked to  d is t in g u is h  i t  from the  r e s t  of the  l i t t e r .  Again 
the su b je c t pup had to  be e a s ily  recognizable from the  r e s t  of the  
l i t t e r  during  the observation  and record ing  se ss io n s . The same pup 
was used a s  an observation  su b je c t each day th a t  record ings were made. 
Care was taken to  help  ensure th a t  equal numbers o f e i th e r  sex were 
rep resen ted  as su b je c ts ; bu t a p a r t  from th is  co n s id e ra tio n , pups were 
chosen randomly. Since the  sex o f the su b je c t would c o n s ti tu te  an 
a d d itio n a l independent v a r ia b le , th is  was d e a l t  w ith  by using  equal 
numbers o f males and fem ales. Subjects were marked on the back o f the 
neck w ith  a  b lack , s p ir i t -b a s e d , candle-m akers• dye and was re in fo rced  
every two days. These procedures were p repara to ry  to  the  observation  
sess io n s  which began on day 10 and which a re  described  below. 
Id e n t if ic a t io n  marking and the use of a  fo c a l su b je c t pup a re  d iscussed  
in  g re a te r  d e ta i l  in  Chapter 2 . The cage and i t s  occupants were 
in te r fe re d  w ith  during the  experim ental period  only when a b so lu te ly  
necessary . Such in te rfe re n c e  was lim ite d  to  th a t  which has a lread y  
been s ta te d ,  p lus the d a ily  feed ing  and w ater b o t t le  r e f i l l i n g .
3 . O bservations And C o llec tion  Of R esults
Recordings were made of the su b jec ts  • behaviour during  th e i r  
pre-weaning developaent, s ta r t in g  on day 10 and continuing  to  day 25» 
Twelve d i f f e r e n t  a c t i v i t i e s  were monitored on a  d a ily  b a s is .  These 
are  shown in  Thble 3 .2  and a re  described  in  Chapter 2 .
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Thble 3 .2  
Categories o f Behaviour
( l )  Presence of the  pup in  the n e s t
( 2 ) Pup 's head w ith in  1cm. o f any o th e r member of the l i t t e r  
(proxim ity to  l i t te rm a te s )
( 3 ) Pup 's head w ith in  1cm. o f the mother 
(proxim ity to  mother)
(4 ) Pup 's head w ith in  1cm. o f the f a th e r  
(proxim ity to  fa th e r)
( 5) Locomotor behaviour
(craw ling , w alking, running, digging)
(6 ) Exploratory  behaviour s S n iffin g
( 7) Exploratory  behaviour t H ead -liftin g
(8 ) Exploratory behaviour 1 Hearing
( 9) Grooming behaviour;
(sc ra tc h in g , l ic k in g )
( 10) Suckling (in c lu d in g  a c tiv e  n ip p le-seek in g )
/["D efin itions o f  behaviour
( 11) E ating  s o lid  food .'  * c a teg o rie s  a re  provided
in  Chapter Z * J
( 12) Drinking w ater
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At th e  end o f each d a y 's  reco rd in g , the  marks in  each of th e  12 
c a teg o ries  were summed to  e s ta b lis h  th e  p roportion  o f the  maximum 
100 marks which had been ob ta ined . With record ing  beginning on 
day 10 and ending on day 25 , l6  d ay s ' r e s u l ts  were obtained  f o r  each 
l i t t e r .  The l6  sco res were reduced to  e ig h t by c a lc u la tin g  the  means 
o f each two successive  d ay s ' r e s u l t s .  This tended to  reg u la te  the 
trends which occurred w ith  tim e. Some i r r e g u la r i t ie s  were caused by 
a ' f l i p - f l o p '  e f f e c t  o ccasio n ally  n o ticed  in  some o f the d a ta ; where, 
f o r  a p a r t ic u la r  a c t iv i ty ,  a  maximum score was obtained fo r  one 
record ing  sess io n  and a  zero score obtained  fo r  ü ie n e x t. Pooling of
d a ta  over two days helped to  overcome t h i s .
Day 30 Measurements
L i t te r s  were sub jec ted  to  t h e i r  p a r t ic u la r  trea tm en ts u n t i l  day 
30 , a lthough d a ily  record ings o f the 12 a c t iv i t i e s  were completed on 
day 25 . This ex tension  o f f iv e  days was intended to  allow  the 
enhancement o f any d iffe ren ces  which were due to  the d i f f e r e n t  treatm en ts  
before f in a l  measurements were taken on day 30. TWo types of
measurements were made on day 30* An open f i e ld  t e s t  was conducted
on the e n t i r e  l i t t e r ,  n o t ju s t  on one s u b je c t pup; a f t e r  which body ‘ 
w eights o f the  e n t ire  l i t t e r  were measured.
Open F ie ld  T ests . The open f ie ld  t e s t  was conducted to  in v e s tig a te  
the  e f f e c t  o f the  trea tm en ts on am bulation and d efaeca tio n  sc o re s .
No t e s t s  were conducted during the  e a r l i e r  pre-weaning period  in  o rder 
to  minimize pup d is tu rb an ce . Such a t e s t  would su b je c t the pups to  
a trea tm en t which would f a r  exceed th a t  considered d e s ira b le  in  the 
non-m anipulative and ob serv a tio n a l s tag e  o f the  s tudy .
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The apparatus used i s  shown in  Fig 3 .1 . The apparatus was 
construc ted  from a  hardwood base and a  hardboard w a ll. The base was 
composed o f a  c i r c u la r  a ren a , marked in to  I 9 compartments o f equal 
a re a . TWelve o f these  were p e rip h e ra l compartments ad jo in in g  the
o u te r  w a ll, and the o th e r seven were in n e r  compartments. Each su b je c t 
pup was placed in to  the arena in  tu rn  and th ree  types o f measurements 
were taken over a  f iv e  minute p e rio d . The follow ing were recorded :
(a ) Number o f p e rip h e ra l compartments en tered  by the  su b je c t (a
compartment en try  was scored when a l l  fo u r leg s  o f the su b jec t 
had crossed th e  compartment boundary).
(b ) Number o f in n e r  compartments en tered  by th e  s u b je c t.
(c )  Number o f fa e c a l b o li  produced by the  su b je c t.
Each su b je c t in  tu rn  was placed in  one o f the p e rip h e ra l
compartments and the f iv e  minute period  timed from the moment o f r e le a s e .
A fte r  the period  o f te s t in g ,  the f lo o r  was r in se d  w ell w ith  ta p  w ater 
and wiped dry w ith a  c lean  paper towel in  o rder to  e lim in a te  o r  reduce 
scen ts  which could in te r f e r e  w ith  the nex t s u b je c t 's  behaviour.
W h ittie r  & McReynolds ( I 965) showed th a t  p e r s is te n t  odours were l e f t  
in  open f ie ld  apparatus by lab o ra to ry  mice and th a t  these  odours 
c o n s titu te d  an a t t r a c ta n t  to  o th e r  mice subsequently  placed in  the same 
ap p ara tu s. LaBarba & Hodge (1970) re so r te d  to  using  v in eg ar so lu tio n  
in  an a ttem pt to  remove the odours. A ll o f the  open f i e ld  t e s t s  were 
conducted h a lf  way through the l i g h t  0 iase  o f the  d ay /n ig h t cy c le , 
when c e il in g  f lu o re sc e n t s t r i p  l ig h tin g  was on.
The open f ie ld  t e s t  was considered an easy to  ad m in is te r  measure of
the  e f fe c ts  o f the  experim ental trea tm en ts on the s u b je c ts ' behaviour 
a t  th e  c lo se  o f th e i r  pre-weaning p erio d . The purpose o f th e  t e s t  
was to  make in tra-experim en t comparisons, r a th e r  than to  determ ine
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Diameter of base: U8cm.
Height of internal wall: 32^cm.
Peripheral compartments: 1-12
Inner compartments: 13-%
Fig.3.1 Open field apparatus.
79
p a r t ic u la r  em otionality  le v e ls .  I t  was hoped th a t  the th re e  open 
f ie ld  measurements would be s e n s it iv e  to  the d if f e r e n t  experim ental 
treatm ents received  by the su b je c ts . No a ttem pt was made to  measure the 
•em otionality* o f the  s u b je c ts , fo r  a  number o f reasons. LaBarba, Lutz 
& White (1968) recommended cau tion  when applying the open f ie ld  c r i t e r i a  
to  e s ta b lis h  em otionality  across  rodent spec ies  and acro ss  s t r a in s .
Steng ( 1971) found wide in te rn s tr a in  d iffe ren ce s  in  inbred lab o ra to ry  
mouse open f ie ld  behaviour. Walsh & Cummins (1976) produced a  c r i t i c a l  
review of the open f ie ld  t e s t  and expressed concern a t  the lack  of 
conform ity in  both procedure and r e s u l t s .  Whimbey & Denenberg ( 1967) 
expressed the  view th a t  the open f ie ld  am bulation measure obtained 
frcrni the f i r s t  o f a  s e r ie s  of te s t s  was no t p a r t ic u la r ly  meaningful 
in  e s ta b lish in g  the em otionality  o f the s u b je c ts , and th a t  i t  was 
necessary  to  t e s t  over sev era l days and use summed sc o re s . Levine 
e t  a l .  ( 1967) and W illiams & R ussell (1972) found th a t  the  f i r s t  day 
am bulation scores were h ig h er than those obtained on subsequent days. 
Whimbey & Denenberg ( I 967) found th a t  some f i r s t  day measures provided 
the opposite  r e s u l ts  from those expected, o r  f a i le d  to  provide 
d iffe re n c es  in  the r e s u l ts  when la rg e  d iffe re n c es  were expected.
They fu r th e r  m aintained th a t  high am bulation scores on the  f i r s t  
day were in d ic a tiv e  o f high em otionality  r e a c t iv i ty , whereas high 
am bulation scores during subsequent days * te s t in g  re f le c te d  low 
em otional r e a c t iv i ty .
The question  o f v a l id i ty  o f the open f ie ld  t e s t  to  determ ine the  
'em otionality*  o f the su b jec ts  has been r a is e d . The connotations o f 
the term caused concern fo r  Thchibana (198O) who p re fe rre d  to  use the 
term , 'em otional r e a c t iv i ty  to  a  novel s i t u a t io n ' .  R ussell (1971) 
questioned whether the  concept o f 'e m o tio n a lity ' was an adequate one 
fo r  the use i t  was being p u t. Problems a re  a sso c ia te d  w ith  a ttem pts  
to  measure the in te rn a l  behavioural s ta te  o f an anim al. I t  i s  one
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th ing  to  measure am bulation and ano ther to  suggest th a t  am bulation 
sco res a re  a  measure o f the s t a b i l i t y  o r em otionality  o f the s u b je c ts .
Some am bulation in  my own open f ie ld  t e s t s  were caused by h igh ly  e r r a t i c  
and ex c ited  behaviour; n o t th e  s o r t  of behaviour which b rin g s  to  mind 
the term , 's ta b le * . Archer (1973) suggested th a t  am bulation scores 
have l i t t l e  d e sc r ip tiv e  v a l id i ty  a s  a  measure of confidence and 
ex p lo ra tio n . A lte rn a tiv e  forms o f behaviour which c h a rac te r iz e  high 
em otionality  would be im m obility and escape behaviour and th is  c a s ts  
doubt on th e  view th a t  am bulation scores a re  adequately  in d ic a tin g  a 
p a r t ic u la r  em otionality  response. Daly (1973) c r i t ic iz e d  the  
conventional a s so c ia tio n  between a  high am bulation sco re  and a  low 
em otionality  s ta t e  by claim ing th a t  any sm all roden t th a t  u n h e s ita tin g ly  
en tered  a b r ig h tly  l i t ,  novel environment must be "prathologically  
f e a r le s s " .  Such an amimal could no t be considered to  be 'b e t t e r  
a d ju s te d ',  nor would the  experience which brought about such a  s ta t e  
be considered 'b e n e f ic ia l ' .  Archer (1973) c r i t i c i s e d  the em otionality
concept on the grounds th a t  th e re  was a  lack  o f re la t io n s h ip  between the 
d i f f e r e n t  measures o f i t ,  b u t suggested th a t  the  open f i e ld  t e s t  could 
be used w ithout re fe ren ce  to  em o tio n a lity . I  decided to  use the t e s t  
in  th is  way in  my own experim entations. I  was a lso  in te re s te d ,  
however, in  the  e x ten t to  which su b je c ts  were prepared to  d ep a rt from 
th e i r  w all-seek ing  tendency (F redericson  1953)• Since th is  could be 
e s ta b lish e d  through the  'in n e r  compartment* am bulation sc o re , two 
am bulation sco res ; p e rip h e ra l and in n e r  compartment sco res  ; were obtained 
in s te ad  o f ju s t  one.
Body W eights. Immediately a f t e r  each open f i e ld  t e s t  was conducted, 
the su b je c t pup was weighed. Body w eight, which i s  one measure o f 
physica l development, was recorded to  see whether any p a r t ic u la r  
treatm ents o r  combinations o f trea tm en t were a sso c ia ted  w ith  e lev a ted  
o r  depressed body weight scores a t  th i s  age. Although the p r in c ip a l
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purpose o f th is  study i s  to  in v e s tig a te  behavioural development, the 
measurement of body w eights was conducted fo r  two reaso n s. F i r s t ,  
body weight provides a  sim ple, i f  crude, measure o f physica l development, 
and has been used as  such by many o th e r re se a rch e rs . Second i t  i s  
qu ick ly  and e a s ily  a sc e rta in e d .
4 . Treatment o f Data
D ata, obtained from the continuous d a ily  observations and from 
the day 30 measurements, were sub jec ted  to  a  th ree  way a n a ly s is  of 
variance (ANOVA) v i th  l i t t e r  s iz e ,  m aternal experience and p a te rn a l 
presence as  the th ree  main fa c to rs .
The advantages o f ANOVA are  w ell known and p a r t ic u la r ly  re le v a n t 
to  th is  design where i t  has been necessary  to  t e s t  the e f f e c t  o f th re e  
independent v a ria b le s  a t  the same time and to  look fo r  s ig n if ic a n t  
in te ra c tio n s  between the v a r ia b le s . In  behavioural re sea rch , as in  
o th e r  s c ie n t i f i c  a re a s , i t  i s  considered th e o re t ic a l ly  im portant to  
study both main e f fe c ts  and in te ra c tio n s  (P e trin o v ich  1981). The 
condition  of d is t r ib u t io n  norm ality  must be s a t i s f i e d  befo re  u sing  a  
param etric t e s t  ( s ie g e l 1956). Upon in sp e c tio n , the  d is t r ib u t io n  of 
the d a ily  observation  da ta  appeared skewed. In  o rder to  h e lp  s a t i s f y  
the normally d is tr ib u te d  population  co n d itio n , a l l  sco res  obtained 
from the d a ily  observations, which happened to  be out of 100 (and had 
n o t been converted to percentages f o r  the  purpose), were transform ed 
using an angu lar transform ation  (ARCSIN) before  being sub jec ted  to  the 
ANOVA (Campbell 1974j. Kirk I 968) .  These same a c t iv i ty  scores involved 
measures taken over a  period o f time w ith  e ig h t age le v e ls .  I n i t i a l l y  
age was included in  the ANOVA as  a  fo u rth  independent v a r ia b le ,  b u t 
th is  re su lte d  in  some complex in te ra c tio n  e f fe c ts  w ith age th a t  were
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d i f f i c u l t  to  in te rp re t#  For the follow ing reasons, I  considered i t  
p re fe rab le  to  t r e a t  age as a co v aria te  (K irk 1968; Scheffe 1959)»
1 . Age i s  a  d i f f e r e n t  type o f v a ria b le  from the o th e r  th ree  
independent v a r ia b le s . The form er i s  a  q u a n tita tiv e  f a c to r ,  whereas 
the l a t t e r  a re  q u a l i ta t iv e  f a c to r s ,  and i t  i s  valuab le  to  d is tin g u ish  
between the two. T reating  age as  a  co v aria te  achieves t h i s .
2 . I t  i s  p o ssib le  to  c la r i fy  the e f fe c ts  o f the th re e  main 
independent v a r ia b le s , includ ing  th e i r  in te ra c tio n s  w ith  each o th e r ,
by tre a t in g  age as  a  c o v a ria te .
3 . T reating  age as a  co v aria te  allow s general age trends to  be 
recognized e a s ily  fo r  the behavioural a c t i v i t i e s ,  and i t  i s  p o ss ib le ,
by a d d itio n a l a n a ly s is  (see  Chapter 4) to  d e te c t any in te ra c tio n s  between 
the independent v a ria b le s  and ag e .
An a l te rn a t iv e  to  th is  would have been to  adopt the more 
c la s s ic a l  approach o f examining se p a ra te ly  the e f fe c ts  o f  the th re e  
s o c ia l fa c to rs  on behaviours a t  the various ag es. This would have 
allowed in te ra c tio n s  w ith  age to  be in v e s tig a te d  w ithout c re a tin g  
a  too complex a n a ly s is .  Such an approach, however, would have 
prevented the study o f in te ra c tio n s  between the  th ree  s o c ia l  f a c to r s .
For the  day 30 sco re s , the analyses were c a rr ie d  ou t on l i t t e r  
means ra th e r  than on the sep ara te  o ffsp rin g  sc o re s . This p ra c tic e , 
which causes the  s t a t i s t i c a l  t e s t  to  become more s tr in g e n t ,  was 
adopted in  o rd er to  e lim inate  the  problem o f c o rre la tio n  o f observations 
w ith in  l i t t e r s .  Abbey & Howard (1973) have c r i t i c a l l y  commented 
on the p ra c tic e  o f c a lc u la tin g  from the measurements o f in d iv id u a l 
pups ra th e r  than from the means o f the d i f f e r e n t  l i t t e r s .
Summary ta b le s  fo r  a l l  o f  the analyses o f variance a re  presen ted
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in  Chapter 4 . These show the sources of varian ce , the mean squares 
(ms), the degrees o f freedom (d f)  and the F r a t io s . Ihe p ro b ab ility  
le v e ls  (P) a re  given when th e re  a re  s ig n if ic a n t  e f f e c t s . In  in te rp re tin g  
the summary ta b le ,  h igher o rder in te ra c tio n s  were te s te d  a g a in s t the 
re s id u a l.  Where these  were n o t s ig n i f ic a n t ,  the n ex t le v e l  in te ra c tio n s  
were te s te d  a g a in s t ihe re s id u a l.  This was continued u n t i l  a 
s ig n if ic a n t  e f f e c t  was found o r u n t i l  the main e f fe c ts  were te s te d  
a g a in s t the  re s id u a l.  Where th ere  was a s ig n if ic a n t  e f f e c t  fo r  an 
in te ra c t io n ,  any re la te d  lower o rder in te ra c t io n  o r r e la te d  main e f f e c t  
was no t te s te d  a g a in s t the  re s id u a l,  b u t a g a in s t the s ig n if ic a n t  
in te ra c t io n  (Lindner 1979; Scheffe 1959). In  the event o f having two 
s ig n if ic a n t  two-way in te ra c t io n s , the main e f f e c t  was te s te d  a g a in s t 
the in te ra c tio n  which provided the more s tr in g e n t  s t a t i s t i c a l  t e s t ,  
qype 1 e r ro rs  a re  le s s  l ik e ly  to  occur w ith th is  p ra c tic e  than when a l l  
main e f fe c ts  and in te ra c tio n s  a re  te s te d  a g a in s t the re s id u a l ,  reg a rd le ss  
o f the ex isten ce  o f s ig n if ic a n t  in te ra c t io n s .
Since the ANOVA i s  designed to  e s ta b lis h  whether o r  n o t the 
independent v a riab le s  have s ig n if ic a n t  e f f e c ts ,  and n o t what the  e f fe c ts  
a re ; a  post ANOVA m u ltip le  range t e s t  was adm inistered  to  compare means 
in  o rder to  see w h e r e  s ig n if ic a n t  d iffe ren ce s  occur. In  common w ith  
P r ie s tn a l l  & Young (1978), the t e s t  used was the Scheffe t e s t ,  ap p lied  
a t  the 5 % le v e l  o f s ig n if ic a n c e . Ih is  t e s t  u t i l i z e s  F ta b le s  in  
o rder to  compute a  c r i t i c a l  d iffe re n c e  (Pruning & K intz 1977).
G raphical p resen ta tio n  o f r e s u l t s ,  d iscussions and conclusions 
a re  provided fo r  each of the  th ree  main v a riab le s  and th e i r  in te ra c t io n s ,
in  Chapters 4 and 5 .
Chapter Four 
RESULTS FROM THE MAIN EXPERIMENT
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Chapter 4 
RESULTS FROM IHE MAIN EXPERIMENT
This chap ter con ta ins an age a n a ly s is  ta b le  ( ik b le  4 .A) and 15 
ANOVA summary ta b le s  w ith Scheffe t e s t  r e s u l ts  ( ib b le s  4 .1  to  4 .1 5 ).
Iheie  were 12 behavioural ca teg o ries  measured repeated ly  during the pre­
weaning period and fo u r, day 30 m easures. 'D rinking w a te r ' was an 
a c t iv i ty  n o t included in  the a n a ly s is  because i t  was observed so 
in fre q u e n tly . For the  o th e r 11 of the 12 behavioural c a te g o rie s , graphs 
a re  provided w ith means f o r  each main fa c to r  averaged over the o th e r 
main f a c to rs ,  and p lo tte d  a g a in s t a  pup age sc a le  (F ig s . 4 .1  to  4 .1 1 ) .
Each number on the 'pup a g e ' a x is  re fe r s  to  the f i r s t  day o f the p a i r  of 
days from which each r e s u l t  had been ob tained . IWo successive days 
r e s u l ts  were averaged to  obtain  a  s in g le  sco re . For example, 18 
r e fe rs  to  the  o v e ra ll score obtained ly  averaging the two scores from 
days 18 to  19. Histograms a re  provided fo r  the fo u r measures taken on 
day 30 (F ig s . 4.12 to  4 .1 5 ) . A ll graphs a re  based on un transform ed d a ta .  
Following each ANOVA summary ta b le  and accompanying graphs, a  b r ie f  
d e sc rip tio n  o f the s t a t i s t i c a l  t e s t  r e s u l ts  i s  g iven . For the behavioural 
a c t iv i t i e s  measured each day, comments a re  included on tren d s  asso c ia ted  
w ith the  in creasin g  age o f the pups. These comments a re  based on the 
age analyses and F ig s. 4 .1  to  4 .1 1 . S ig n if ic a n t c o r re la t io n s ,  between 
age and the incidence o f d isp lay  o f a  behavioural a c t iv i ty ,  a re  in d ic a te d . 
Ihble 4 .A provides a summary o f the  age analyses and shows s ig n if ic a n t  
age e f fe c ts  f o r  the measures, a s  revealed  by the a n a ly s is  o f covariance. 
These a re  general age e f fe c ts  f o r  each behavioural a c t i v i t y .  In  a d d itio n  
to  th i s ,  Thble 4 .A shows how the age e f fe c ts  a re  d is tr ib u te d  between the 
d i f f e r e n t  tre a tm e n ts . Pearson product moment c o r re la tio n  c o e f f ic ie n t  
analyses were c a rr ie d  out between in d iv id u a l pup sco res f o r  behaviours 
under each sep ara te  experim ental condition  and pup age. The e f fe c ts  o f
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Thble 4 .A Age Analyses f o r  Main Treatment E ffec ts
Values f o r  F, d f , and P a re  shown f o r  th e  Govariate analyses
Values fo r  r  ( c o rre la t io n  c o e f f ic ie n t)  and P ( tw o -ta ile d )  a re  shown 
f o r  the  Pearson C o rre la tio n  analyses
nJCiADUXlCi OC
2 7 P r Mu M F
IN NEST r - 0.232 - 0.476 - 0.302 -0 .228 - 0.303 - 0.310
F-55.527 dD-1,247 P<0.001 P <0.03 <0.001 <0.001 =0.01 <0.001 <0.001
PROXIMITY TO LITTEEMATS r - 0.331 - 0.447 -0 .402 - 0.304 - 0.433 - 0.187
P=33.l43 d f =1,247 P<0.001 P <0.001 <0.001 <0.001 <0.001  <0.001  <0.05
PROXIMITY TO MOTHER r 0.180 0.061 0.029 0.221 0.113 0.132
P-3.308  d f« l,247  HS P <0.03 NS NS <0.03 NS NS
PROXIMITY TO FATHER r 0.390 -0 .118 - 0.192 0.310
F-3.502  df-1 ,123 NS P <0.001 NS NS <0.001
LOCOMOTION r - 0.130 -0 .208 - 0.135 - 0.202 - 0.218 - 0.136
F=7.973 df= l,247  P<0.01 P NS <0.03 NS <0.03 <0.03 NS
SNIFFING r 0.183 0.372 0.248 0.289 0.433 0.114
F^33.822 df= l,247  P<0.001 P <0.03 <0.001 <0.01 <0.001 <0.001 NS
HEAD-LIFTING r 0.007 0.236 0.101 0.076 0.274 0.020
P=6.412 d f.1 ,2 4 7  P<0.05 P NS <0.01 NS NS <0.01 NS
REARING r 0.074 0.277 0.202 0.113 0.204 0.146
P“13.733 df-1 ,247 P<0.001 P NS <0.01 <0.05 NS <0.03 NS
GROOMING r 0.476 0.317 0.491 0.498 0.496 0.521
F=83.943 df-1 ,247 P<0.001 P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
SUCKLING r - 0.087 - 0.093 - 0.190 0.012 0.040 -0 .204
P-0.9^7 d f« l,247  NS P NS NS <0.05 NS NS <0.03
EATING SOLID FOOD r 0.346 0.301 0.492 0.343 0.339 0.399
P-89.451 df= l,247  P<0.001 P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Zt l i t t e r  s iz e  o f 2 pups 
Pr* prim iparous mother 
Ml mother only p re sen t
7: l i t t e r  s iz e  o f 7 Pups
Mu: m ultiparous mother
Fi f a th e r  a lso  p resen t
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the main fa c to rs  and th e i r  in te ra c tio n s  a re  n o t d iscussed  u n t i l  Chapter 
5 , where o th e r p eo p le 's  work i s  reviewed whenever i t  r e la te s  to  my own
r e s u l t s .
A nalysis o f Variance Thhles
Thhles 4 .1  to  4 .5  show the r e s u l ts  o f the  analyses o f v arian ce . 
Where th ere  i s  a  s ig n if ic a n t  d iffe re n ce  fo r  a  main e f f e c t  o r f o r  an 
in te ra c t io n , the  Scheffê t e s t  r e s u l ts  a re  shown. This i s  to  in d ic a te  
which of the d iffe ren ce s  among th e  trea tm en t means a re  s ig n i f ic a n t .  Any 
two means n o t underlined  by the same l in e  a re  s ig n if ic a n tly  d i f f e r e n t .
Any two means underlined  by the same l in e  a re  n o t s ig n if ic a n tly  d if fe re n t ,  
This convention was used by Duncan (1955)* (Thbles 4 .1  to  4.11 a re  based 
on transform ed d a ta . In  these ta b le s ,  backtransform ed means, expressed 
as percen tages, a re  provided in  p a ren th eses .)
A bbreviations. The follow ing ab b rev ia tio n s  have been used in  
the ta b le s :
L : L i t t e r  S ize MS : mean square
M : M aternal Experience F * th® ^ r a t io
P : P a te rn a l Presence P % the p ro b a b ility  le v e l
d f : degrees o f freedom NS : no t s ig n if ic a n t
(ap p lied  to  the F r a t io )
The two l i t t e r  s iz e s  a re  in d ica ted  by the numbers '2 '  and '7 '  .
2 : l i t t e r  containing two pups
7 : l i t t e r  con tain ing  seven pups
The two s ta te s  o f m aternal experience a re  in d ica ted  by the symbols
'P r '  and 'M u'.
P r : prim iparous
Mu % m ultiparous
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Whether the f a th e r  i s  p re sen t o r n o t i s  in d ica ted  by the symbols
•M* and 'F ' .
M I only the mother i s  p resen t ( f a th e r  absen t)
F t the f a th e r  i s  a lso  p resen t ( f a th e r  p resen t)
Combinations o f these fa c to rs  a re  a lso  in d ica ted  by using  the 
ssune symbols. For example, *7-F' r e fe r s  to  a l l  o f the su b jec ts  which 
have been ra ise d  in  a  l i t t e r  o f  seven pups and w ith the  f a th e r  p resen t; 
and '2-Pr-M ' r e fe r s  to  a l l  o f the su b jec ts  ra ise d  in  a  l i t t e r  of two 
pups, w ith  a  prim iparous mother and w ith  no fa th e r  p re se n t. Since 
d i f f e r e n t  combinations o f the le v e ls  of the th ree  independent 
v a ria b le s  a re  mentioned rep ea ted ly  throughout the te x t  in  Chapter 5 , 
the same ab b rev ia tio n s  a re  used there#
1. Time in  Nest
The ANOVA and Scheffê t e s t  r e s u l ts  a re  shown in  Table 4 .1 , and the 
graphs o f the means fo r  each main f a c to r  averaged over the o th e r  main 
fa c to rs  a re  shown in  F igs. 4 .1 a , 4 .1b  and 4 .1 c . IWo s ig n if ic a n t  
in te ra c tio n s  need to  be no ted . One i s  the in te ra c t io n  between l i t t e r  
s iz e  and m aternal experience, and the o th e r i s  the in te ra c t io n  between 
m aternal experience and p a te rn a l p resence.
In  the form er, the Scheffê t e s t  d id  n o t rev eal any s ig n if ic a n t  
d iffe ren ce  between means of combinations of the two f a c to r s ,  l i t t e r  
s iz e  and m aternal experience. On a  number o f occasions during th e  
analyses o f d a ta  from th is  experim ent, a  s ig n if ic a n t  d iffe re n c e  was 
found w ith  the ANOVA, bu t the  Scheffe t e s t  in d ica ted  th a t  no s ig n if ic a n t  
d iffe re n c e  ex isted  between any o f the means. I t  i s  recognized th a t  
the  Scheffe t e s t  i s  more s tr in g e n t  than some o th e r m u ltip le  range
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Tb.ble 4.1
Analysis o f Variance o f 'In Nest' Scores
_______ with Scheffe Test Results________
(Based on transformed data, with age as a covariate)
SOURCE OF VARIANCE d f MS F P
MAIN EFFECTS
L i t t e r  Size (l ) 1 0.017 0.038 NS
M aternal Experience (M) 1 0.200 0.451 NS
P ate rn a l Presence (P) 1 1.157 2.885 NS
2-WAY INTERACTIONS
L X M 1 0.443 4.461 < 0.05
L X P 1 0.027 0.271 NS
M X P 1 0.401 4.039  < 0.05
3-WAY INTERACTION '
L X M X P 1 0.002 0.021 NS
RESIDUAL 247 0.099
L X M
Combinations: 2-Mu 7-Pr 7-Mu 2-P r
Means: 1.229 1.302 1.329 1.368
(88.76) (92.95) (94.27) ( 95 .94)
M X P
Combinations: Mu-F Pr-F Pr-M Mu-M
Means: 1.172 1.307 1.363 1_.386.
(84.92) (93 .20) (95 . 74) ( 96 .62)
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t e s t s  (Bruning & K intz 1977), which accounts fo r  th is  occasional 
d iscrepancy. When i t  i s  n o t p o ssib le  to  id e n tify  which o f the  d iffe re n c e s  
among the  means may be considered s ig n if ic a n t  using the Scheffe t e s t ,  a  
comparison i s  made between the  low est mean and the h ig h e s t mean. Ihe 
g re a te s t  d iffe re n ce  in  th is  case was between the 2-Mu group which had 
the low est mean and the  2-P r  group which had the h ig h est mean.
In  the m aternal experience and p a te rn a l presence in te ra c t io n , the 
Mu-F mean was s ig n if ic a n tly  d i f f e r e n t  from a l l  o f the o th e r th ree  means. 
Ih is  combination of a m ultiparous mother and the presence of the fa th e r  
re su lte d  in  the low est mean sco re .
Trends A ssociated With In creasin g  Age o f Pups
Ihe a n a ly s is  o f covariance rev ea ls  a s ig n if ic a n t  age e f f e c t  
(P < 0 .001) and the c o rre la tio n  analyses show a s ig n if ic a n t  negative 
c o rre la tio n  between th is  a c t iv i ty  and age fo r  a l l  treatm ent cond itions 
(Ih b le  4 .A). F igs. 4 .1 a , 4 .1b  and 4 .1c  show a very c le a r  and expected 
downward tre n d . At the beginning of the record ing  period , pups were 
spending c lose  to  100 per cen t o f the observation  session  in  the n e s t .
I t  i s  l ik e ly  th a t  by day 8 s u f f ic ie n t  motor s k i l l  development had taken 
place to  enable pups to  leave the n e s t  (W illiams & S c o tt 1933)» bu t 
u n t i l  day l4 ,  very l i t t l e  time was spen t ou t of the n e s t .  Remaining 
in  the n e s t would provide a  fo c a l s i t e  fo r  p a re n ta l a t te n t io n  and a lso  
ensure co n stan t co n tac t w ith l i t te rm a te s .  R e triev a l back to  the n e s t  
"by paren ts  was only very ra re ly  observed, in d ic a tin g  th a t  when pups 
remained in  the n e s t,  they d id  so on th e i r  own v o li t io n . Ihe 
tem perature maintenance of the pups during th e i r  e a rly  period  of 
development would be helped by l i t t e r  aggregation  in  the n e s t;  where 
the sm alle r su rface  a rea  to  volume r a t io  o f the group, compared to  a 
s in g le  pup, would reduce the r a te  o f h ea t lo ss  from each pup# Ih is .
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i s  c le a r ly  o f some advantage to  young mammals developing and m aintaining 
homoiothermy. From day l4  onwards a  general trend  was observed of pups 
spending a  sm aller p roportion  o f time in  the nest# Ih is  downward trend 
was accompanied by an in crease  in  exp lo ra to ry  behaviour and a  s h i f t  from 
suck ling  to  ea tin g  s o lid  food (see  comments below). Whereas most 
suckling  took place in  the n e s t,  most in g estio n  of s o lid  food took place 
ou t of the  n e s t .
2# Proxim ity to  L itterm ate
Ihe ANOVA and Scheffe t e s t  r e s u l ts  are  shown in  % ble 4 .2  and the 
graphs o f the means fo r  each main fa c to r  averaged over the o th e r main 
fa c to rs  a re  shown in  F ig s . 4 .2 a , 4#2b and 4.2c# J u s t  one s ig n if ic a n t  
in te ra c tio n  was found and i t  was between l i t t e r  s iz e  and m aternal 
experience. Ihe Scheffe t e s t  in d ica ted  th a t  the  244u group which had 
the low est mean was s ig n if ic a n tly  d i f f e r e n t  from a l l  o f the o th er 
th ree  combination means#
Trends A ssociated With In creasin g  Age of Pups
As the mouse pups began to  leave the n e s t  and move around the 
cage, a  corresponding decrease in  l i t te rm a te  proxim ity occurred (F ig s . 
4 .2 a , 4 .2b  and 4 .2 c ) .  Ihe a n a ly s is  o f covariance revealed  a  s ig n if ic a n t  
age e f f e c t  ( P < 0 .0 0 l) ,  and the c o r re la t io n  analyses showed s ig n if ic a n t  
negative c o rre la tio n s  between th is  a c t iv i ty  and age fo r  a l l  trea tm en t 
cond itions ( ih b le  4 .A). Ihe d iffe re n c e  between the two "pa te rn a l 
p resence ' r  values (Table 4#A) i s  l ik e ly  to  be p rim arily  due to  the 
• fa th e r -p re s e n t ' mean scores showing an in c rease  from day 22 onwards 
(F ig . 4 .2 c ) .  I t  i s  p o ssib le  th a t  th is  upward trend  re su lte d  from some 
common focus of in te r e s t  f o r  the members of the l i t t e r ,  thus causing 
them to  remain close to  each o th e r . W illiams & S c o tt (1933) found th a t
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Ihble 4.2
Analysis of Variance of 'Proximity to Littermate' Scores
_______________ with Scheffe Test Results
(Based on transformed data, with age as a covariate)
SOURCE OF VARIANCE d f MS F P
MAIN EFFECTS
L i t t e r  S ize (l ) 1 0.992 3.329 NS
M aternal Experience (m) 1 0.449 1.307 NS
P atern a l Presence (P) 1 0.133 1.943 NS
2-WAY INTERACTIONS
L X M 1 0.298 4.332  < 0 .03
L X P 1 0.031 0.450 NS
M X P 1 0.086 1.233 NS
3-WAY INTERACTION
L X M X P 1 0.194 2.840 NS
RESIDUAL 247 0.068
L X M
Combinations: 2-Mu 2-P r 7-Mu 7-P r
MeansX 1.211 1.363 1.404 1.419
(87.60) (93.74) (97.24) (97-71)
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during th is  tim e, lab o ra to ry  mouse pups freq u en tly  sn if fe d  o th er 
anim als, e sp e c ia lly  the f a th e r .  The same workers a lso  noted th a t  
d rink ing  w ater and e a tin g  s o lid  food were two o th e r behaviours which 
c h a rac te rized  th is  s tage  o f mouse pup development. L ikely  can d id a tes , 
th e re fo re , fo r  a common focus of in t e r e s t  fo r  the l i t te rm a te s  would 
be the food co n ta in e r, the w ater b o t t le  or the f a th e r .
W illiams and S c o tt (1953) found th a t  by day 21, mouse pups d id  
n o t g en e ra lly  tend to  aggregate as they had done a t  a  younger pup age. 
Ihere i s  l ik e ly  to  be a  minimum proxim ity to  l i t te rm a te  score due to  
the p ro b a b ility  o f one member o f the l i t t e r  meeting an o th er member 
w h ils t  randomly moving in  a  f in i t e  cage space.
3. Proxim itv To Mother
The ANOVA re s u l ts  a re  shown in  Thble 4 .3 ,  and the graphs of the 
means fo r  each main fa c to r  averaged over the o th er main fa c to rs  a re  
shown in  F igs. 4 .3 a , 4 .3 b , and 4 .3 c . No main e f fe c ts  o r in te ra c tio n s  
were s ig n if ic a n t  fo r  th is  a c t iv i ty .  Proxim ity to  mother sco res  were 
n o t, th e re fo re , s ig n if ic a n tly  in fluenced  by the l i t t e r  s iz e ,  the 
m aternal experience o r the p a te rn a l presence fa c to rs .
Trends A ssociated With In creasing  Age o f Pups^
The a n a ly s is  o f covariance revealed  th a t  th e re  was no s ig n if ic a n t  
age e f fe c t  fo r  th is  measure, and the c o rre la tio n  analyses showed th a t  
the only treatm en t conditions which re su lte d  in  s ig n i f ic a n t  p o s itiv e  
c o rre la tio n s  (P O.O5 ) were the " s m a ll- l i t te r "  and the 'm ultiparous 
m other' ones (Th.ble 4 .A ). S ig n if ic a n t c o rre la tio n s  between th is  measure 
and age, th e re fo re , depend upon the treatm ent# The two s ig n if ic a n t  
c o rre la tio n s  (Thble 4.A) may be explained by a m aternal l i t te iv a v e r s io n
theory#
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F ig . 4 ,3a  shows th a t  the s m a l l - l i t t e r  group had low scores a t  
the beginning o f the record ing  period and th a t  these increased  w ith 
pup age. The low scores a t  the beginning a re  possib ly  the r e s u l t  of 
a  l e s s e r  suck ling  demand in  the sm all l i t t e r s  compared to  the la rge  
l i t t e r s .  From day l4  onwards (F ig . 4 .3 a ) ,  the mothers o f sm all l i t t e r s  
may have shown le s s  aversion  to  th e i r  o ffsp rin g  than mothers o f la rg e  
l i t t e r s .  S e itz  ( I 9 5 8 ) found th a t  the q u an tity  o f m aternal behaviour, 
d isp layed  in  the r a t ,  varied  in v erse ly  w ith  the  s iz e  of the l i t t e r .
The p o s itiv e  c o rre la tio n  w ith  age can, th e re fo re , be explained by 
mothers o f sm all l i t t e r s  allow ing pups to  s ta y  close to  them.
A s ig n if ic a n t  age c o rre la tio n  i s  a ls o  found w ith pups ra ise d  by 
m ultiparous mothers (F ig . 4 .3 b ). In  common w ith  S e itz  (1958)* th is  
may be because l i t t e r  aversion  in  the m ultiparous mothers had been 
n e u tra liz e d  by th e i r  g re a te r  m aternal m atu rity  and experience, compared 
to  prim iparous m others. Consequently the in creasin g  avoiding a c tio n  
which may have been taken by the prim iparous mothers would exp la in  the 
absence o f a s ig n if ic a n t  c o r re la t io n , whereas a  p o s itiv e  s ig n if ic a n t  
c o rre la tio n  i s  found fo r  the m ultiparous mothers which may n o t have 
d isp layed  the avoiding ac tio n  (T^ble 4 .a ) .
I t  might be expected th a t  w ith  increased  pup independence there  
would be a  trend  o f decreasing  scores fo r  proxim ity to  the  mother.
King (1963) repo rted  th a t  Peromyscus mothers spen t le s s  time w ith th e i r  
pups as  the pup age in creased . Bateman (1957) found th a t  the time 
mouse mothers spen t on the n e s t  decreased from day 0 to  day 15* 
own r e s u l t s ,  however, i t  seems th a t  during the period  when pups were 
spending decreasing  proportions o f time in  the n e s t and in  the proxim ity 
of th e i r  l i t te rm a te s ,  they were n o t experiencing any decrease in  the 
p roportion  o f time spen t in  c lo se  proxim ity to  the m other.
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T&ble 4 .3
Analysis of Variance of 'Proximity To Mother* Scores
(Based on transformed data, with age as a covariate)
SOURCE OF VARIANCE df MS F P
MAIN EFFECTS
L i t t e r  S ize (l ) 1 0.349 1.755 NS
M aternal Experience (m) 1 0.026 0.130 NS
P ate rn a l Presence (P) 1 0.011 0.057 NS
2-WAY INTERACHmS
L X M 1 0.113 0.570 NS
L X P 1 0.002 0.008 NS
M X P 1 0.176 0.886 NS
3-WAY INTERACTION
L X M X P 1 0.559 2.811 NS
RESIDUAL 247 0.199
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1 4 . Proximitv To Father
The ANOVA and Scheffe t e s t  r e s u l ts  a re  shown in  Thble 4 .4 , and 
the graphs o f the means f o r  each main fa c to r  averaged over the  o th er 
main fa c to rs  a re  shown in  F igs. 4 .4 a  and 4 .4 b . Ih is  i s  only a  two-way 
a n a ly s is ,  r a th e r  than a  three-way a n a ly s is  in  common w ith  the o th e rs , 
because i t  was n o t p o ss ib le  to  take 'p rox im ity  to  fa ther*  sco res in  the 
absence o f the f a th e r .  Two s ig n if ic a n t  main e f fe c ts  were apparen t and 
these were fo r  l i t t e r  s iz e  and fo r  m aternal experience. There were 
no s ig n if ic a n t  in te ra c tio n s*
Regardless of the m other's experience, l i t t e r  s iz e  in fluenced  the 
•proxim ity to  fa ther*  sc o re s . The Scheffe t e s t  showed th a t  o v e ra ll ,  a 
s ig n if ic a n tly  la rg e r  mean score was obtained fo r  pups in  sm all l i t t e r s  
than fo r  pups in  la rg e  l i t t e r s .  Ih is  d iffe re n c e  appeared from day l6  
onwards (F ig s . 4 .4 a ) .  Regardless of the l i t t e r  s iz e ,  'p roxim ity  to  
f a th e r ' scores were a ffe c te d  by m aternal experience. Pups w ith 
m ultiparous mothers had a s ig n if ic a n tly  lower mean score than d id  pups 
w ith prim iparous m others. Ih is  e f f e c t  was apparen t during  the e a r l i e r  
p a r t  of the record ing  period , up to  day 21 (F ig . 4 .4 b ) .
The pups proxim ity to  the f a th e r  was in fluenced  by the trea tm en t 
e f fe c ts  to  a f a r  g re a te r  ex ten t than was the pups' proxim ity to  the 
mother. P a te rn a l presence was chosen as one o f the th re e  s o c ia l fa c to rs  
f o r  th is  in v e s tig a tio n  because of the lik e lih o o d  th a t  the fa th e r  would 
in fluence pup developmental behaviour (Chapter l ) .  This i s  now seen 
to  be h igh ly  l ik e ly  on the grounds th a t  the pups spen t a  la rg e  
proportion  o f time in  c lose proxim ity to  the  f a th e r .
Trends A ssociated With In c reasing  Age of Pups
F igs. 4 .4 a  and 4 .4b  in d ic a te  th a t ,  a s  i s  the case w ith  the pups'
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Tteible 4.4
A nalysis o f Variance o f 'P roxim ity  To F a th e r ' Scores 
w ith Scheffé Test R esults_______________
(Based on transform ed d a ta . w ith  age as  a  co v a ria te )
SOURCE OF VARIANCE d f MS F P
MAIN EFFECTS
L i t t e r  S ize (l ) 1 0.801 4.157 < 0.05
M aternal Experience (M) 1 1.322 6.858 < 0 .0 1
2-WAY INTERACTION
L X M 1 0.014 0.074 NS
RESIDUAL 123 0.193
L i t t e r  Size* 7 2
Means* 0.590 0»7^8
( 30 .95) (46.26)
M
M aternal Experience Mu Pr
Means* 0*567 0*771
(28.85) (48.56)
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proxim ity to  the m other, pups continued to  spend a high proportion  of 
time in  proxim ity to  the fa th e r  throughout the record ing  p e rio d . Ihe 
a n a ly s is  o f covariance revealed  th a t  th ere  was no s ig n if ic a n t  age e f f e c t  
f o r  th is  measure, "but the c o rre la tio n  analyses showed th a t  f o r  the sm all- 
l i t t e r  group and fo r  the 'm ultiparous mother* group, th e re  was a 
s ig n if ic a n t  p o s itiv e  c o rre la tio n  (P< 0 .0 0 l)  between th is  measure and age 
(Ih b le  4 .A). I t  should be no ticed  th a t  the p a tte rn  o f s ig n i f ic a n t  and 
non s ig n if ic a n t  c o rre la tio n s  i s  the same as th a t  fo r  the proxim ity to  
mother* a n a ly s is  ( ih b le  4 .A). I t  i s  p o ssib le  th a t  the fa th e rs  of la ig e  
l i t t e r s  d isp layed an in creasin g  av ersion  to  th e i r  o ffsp rin g  as  the pup 
age in creased . O lder pups would c o n s ti tu te  a  g re a te r  care  tak ing  load 
than younger pups. Ihe sm all l i t t e r s  d id  n o t appear to  evoke the same 
re ac tio n  in  the f a th e rs ,  presumably because they rep resen ted  a  reduced 
care tak ing  lo ad , compared to  the la rg e  l i t t e r s .  Ih is  would exp lain  the 
p o s itiv e  c o rre la tio n  in  the sm all—l i t t e r  scores (F ig . 4«4a).
Although the 'm ultiparous mother* pups sp en t, o v e ra ll ,  le s s  time 
in  close proxim ity to  the fa th e r  compared to  the ‘prim iparous mother*pups, 
the scores fo r  the former group do show an increase  w ith pup age which i s  
no t shown in  the scores obtained from the l a t t e r  group (F ig . 4 .4 b ) . Ih is  
p o s itiv e  c o rre la tio n  w ith age found w ith the 'm ultiparous mother* group 
may have been caused by a  w illin g n ess  on the p a r t  of the fa th e rs  to  spend 
in c reas in g  time in  close proxim ity to  the pups as the pups became o ld e r . 
Since the f a th e r 's  care tak ing  experience corresponded w ith  th a t  o f the 
m o th ers ', th is  r e s u l t  may r e f l e c t  a g re a te r  degree o f av ersio n  to  o ld e r 
pups in  the le s s  experienced f a th e rs .  Ih is  i s  the same explanation  as 
th a t  advanced to  explain  the s im ila r  p a tte rn  o f r e s u l ts  f o r  the  'p rox im ity  
to  mother* measure.
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s. locomotor Behaviour
The ANOVA r e s u l ts  a re  shown in  Thhle 4 .5  and the  graphs o f the 
means fo r  each main f a c to r  aversiged over the o th e r main f a c to rs ,  a re
s h o w n  in  F ig s . 4 .5a , if.5b and if.5 o . No main e f f e c t s  or in tera c tio n s
were s ig n if ic a n t  fo r  th is  a c t iv i t y .  'Locomotor behaviour' sco r e s , 
th erefore , were n ot s ig n if ic a n t ly  influenced  by any o f  the three 
independent v a r ia b le s .
Trends A ssociated With Increasing  Age o f Pups
The a n a ly s is  o f covariance revealed a s ig n if ic a n t  age e f f e c t  
(P<O .O l) and the c o r re la t io n  analyses showed a  s ig n if ic a n t  negative 
c o rre la tio n  (P < 0 .0 5 ) fo r  the " l a r g e - l i t t e r " ,  'm ultiparous m other' and 
'f a th e r  a b se n t ' groups (Tfeible 4 .a ) .  P igs. 4 .5 a , 4 .5b  and 4 .5c  a lso  
show a  s l ig h t  trend  o f decreasing  scores w ith  pup age.
I t  i s  l ik e ly  th a t  the d is ru p tio n s  on days l4 /l5 »  which a re  c le a r ly  
out of s tep  w ith the g eneral age tren d , con tribu ted  to  the low 
c o rre la tio n s  obtained fo r  th is  behaviour (Thble 4 .A ). Days l4 / l5  
coincide w ith  the age when pups f i r s t  begin to  leave th e i r  n e s t  to  a  
g re a te r  ex ten t and when extrem ely in ten se  and und irec ted  f lu r r i e s  of 
a c t iv i ty  a re  commonly reported  (W illiams & S co tt 1953)*
I t  should be app rec ia ted  th a t  'locom otor behav iour' i s  a  b lanket 
term covering a  wide range o f d i f f e r e n t  a c t i v i t i e s .  I t  was observed 
th a t  predominant locomotor a c t i v i t i e s  in  the f i r s t  few days o f l i f e  were 
crawling and k ick ing . L a te r , s tanding  and walking became p o ss ib le , and 
even tually  those a c t i v i t i e s  ty p ic a l o f a d u lt  lo c m o tio n  appeared. Such 
a c t iv i t i e s  included jumping, running, d igging and clim bing. During the 
pre-weaning period some of the ea rly  locomotor a c t i v i t i e s  would d im inish  
w ith age as  o th e r locomotor a c t i v i t i e s  would in c re a se . The locomotor
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Table 4 .5
A nalysis of Variance o f 'Locomotor Behaviour* Scores
(Based on transform ed d a ta , w ith  age as a  co v aria te )
SOURCE OF VARIANCE d f MS F P
MAIN EFFECTS
L i t t e r  Size (l ) 1 0.001 0.049 NS
M aternal Experience (M) 1 0.031 1.031 NS
P ate rn a l Presence (P) 1 0.013 0.499 NS
2-WAY INTERACTIONS
L X M 1 0.017 0.370 NS
L X P 1 0.038 1.237 NS
M X P 1 0.004 0.134 NS
3-WAY INTERACTION
L X M X P 1 0.073 2.411 NS
RESIDUAL 24? 0.030
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"behaviour scores do n o t m onitor the development and dim inution o f 
sp e c if ic  and in d iv id u a l locomotor a c t i v i t i e s  th e re fo re , b u t the ex ten t 
to  which any type of locomotor behaviour i s  being d isp layed .
Some of the  12 a c t iv i t i e s  which were recorded on a  d a ily  b a s is  a re  
m utually exc lu siv e . I t  i s  u n lik e ly  th a t  re a r in g , grooming, ea tin g  s o lid  
food and drink ing  would occur a t  the  same time a s  the su b je c t was 
d isp lay in g  locomotor behaviour. These fo u r a c t i v i t i e s ,  which compete 
fo r  time w ith  locomotor behaviour, were disp layed  more freq u en tly  
towards the end o f the  recording p eriod . During the e a r l i e r  p a r t  o f 
pre-weaning development, when many non-locomotor a c t i v i t i e s  were n o t y e t 
p a r t  o f the s u b je c t 's  behavioural re p e r to ir e ,  i t  i s  conceivable th a t  
more time would be spen t d isp lay in g  locomotor behaviour. This may 
provide an explanation  fo r  the  downward trend  o f locomotor behaviour
w ith pup age.
Locomotor behaviour scores decreasing  w ith age a re  n o t, th e re fo re , 
n e c e ssa r ily  in d ic a tiv e  of a  trend  towards lower a c t i v i t y , b u t may 
in s tead  be r e f le c t in g  the in crease  o f o th er non-locomotor a c t i v i t i e s .
I t  i s  n o t the  in te n tio n  of th is  work to  examine the course of development 
of each o f the d i f f e r e n t  types o f locom otion. W illiams & S co tt (1953) 
provide a d d itio n a l inform ation on locomotor development in  mice and 
Altman & Sudarshan (1975) provide u se fu l and d e ta ile d  inform ation  on 
locomotor development in  r a t s .  Much o f th is  l a t t e r  work i s  based , 
however, on the r e s u l ts  of re f le x o lo g ic a l t e s t s  as  opposed to  purely  
o b serv a tio n al s tu d ie s .
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6. Sniffing
The ANOVA and Scheffe t e s t  r e s u l ts  a re  shown in  Thble 4 .6 ,  and the 
graphs o f «16 means f o r  each main f a c to r  averaged over the  o th e r main 
fa c to rs  a re  shovm in  F ig s. 4 .6 a , 4 .6b  and 4 .6 c . A s ig n if ic a n t  th ree  
way in te ra c tio n  e x is ts  involving l i t t e r  s iz e ,  m aternal experience and 
p a te rn a l presence. Ihe ScheffS t e s t  revealed  th a t  th ere  «as a 
s ig n if ic a n t  d iffe ren ce  between the 7-Mu-M mean and the 2-PrwF mean.
The form er ccmbination re su lte d  in  a  low er mean score than the l a t t e r .
Trends A ssociated With In c re a s ing Age o f Pups
Ihe a n a ly s is  o f covariance showed a  s ig n if ic a n t  age e f f e c t  
(P< O.OOl) fo r  th is  measure and the c o r re la tio n  analyses showed th a t  in  
a l l  trea tm en t conditions except f o r  th a t  of 'f a th e r  p r e s e n t ',  a  
s ig n if ic a n t  p o s itiv e  c o rre la tio n  between th is  a c t iv i ty  and age was 
apparen t ( ih b le  4 .A ). F ig . 4 .6 c  shows th a t  the  'f a « ie r  p re s e n t ' scores 
do n o t e x h ib it  the  same g radual in crease  w ith  age as  the  o th e r  trea tm en t 
sco res . One co n trib u to iy  reason fo r  th is  i s  the  a lread y  high scores 
towards the beginning o f the record ing  p e rio d . Increased  s n if f in g  
scores a t  th i s  time a re  l ik e ly  to  rep re sen t the  pup 's  response to  the 
f a th e r 's  presence. I t  seems l ik e ly  th a t  the  pups a re  ab le  to  d e te c t the  
f a th e r 's  odours. Ih is  would exp lain  the  absence of a  p o s itiv e  c o rre la tio n  
w ith  age in  the 'f a th e r  p re se n t ' sco res  ( ib b le  4 .A ).
S n iffin g  was th e  f i r s t  o f the  th re e  exp lo ra to ry  a c t i v i t i e s  to  be 
observed in  the in fa n t  m ice. By day 10, which was «»e f i r s t  day o f 
the record ing  p erio d , s n if f in g  was observed. Biere were two major 
sp u rts  in  th is  a c t iv i ty .  One was between days 12/13 and l 4 / l 5 ,  and 
the o th e r was between days 18/19 and 20/21 (F ig s . 4 .6 a , 4 .6 b  and 4 .6c).
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% ble 4 .6
Analysis of Variance of "Sniffing" Scores
with Scheffe Test Results
(Based on transformed data, with age as a.covariate)
SOURCE OF VARIANCE df MS F P
MAIN EFFECTS 
L i t t e r  Size (l ) 1 0.055 0.195 NS
M aternal Experience (m) 1 0.000 0.000 NS
P atern a l Presence (P) 1 0.184 0.652 NS
2-WAY INTERACTIONS 
L X M 1 0.000 0.000 NS
L X P 1 0.007 0.025 NS
M X P 1 0.004 0.014 NS
3-WAY INFRACTION 
L X M X P 1 0.282 11.168 = 0.001
RESIDUAL 247 0.025
L X M X P
Combinations: 2-Pr-M 7-Pir-P 7-Pr-M 2-Mu-F 2-Mu-M 7-Mu-P 2-P r-F
Means: 0.137 0.187 0.205 0.215 0.230 0.246 0.276 0.288
(1 .86) (3 .4 6 ) (4 .1 4 ) (4 .5 5 ) (5 .20) (5 .93) (7 .43) (8 .0 ?)
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y . H ead-Lifting
Ihe ANOVA and. Scheffe t e s t  r e s u l ts  a re  shown in  Ih b le  4 .7 ,  and 
the giaphs o f the means f o r  each main fa c to r  averaged over the  o th e r 
main fa c to rs  a re  shown in  F igs. 4 .? a ,  4 .7b  and 4 .7 c . IVo s ig n if ic a n t  
main e f f e c t  d iffe ren c e s  were found w ith the  h e a d - l if t in g  a n a ly s is .  
L i t te 2>-size was one o f these  and the Scheffe t e s t  showed th a t  the 
sm all l i t t e r  mean was s ig n if ic a n t ly  la rg e r  than the l a r g e - l i t t e r  mean.
A pup from a  sm all l i t t e r ,  th e re fo re , tended to  h e a d - l i f t  f o r  a  g re a te r  
p roportion  o f time than a  pup from a  la rg e  l i t t e r #
The o th e r s ig n if ic a n t  main e f f e c t  was th a t  o f p a te rn a l p resence.
A s ig n if ic a n tly  h ig h er mean was obtained w ith  those pups reared  in  the  
presence o f the f a th e r ,  compared to  those reared  w ithout the  f a th e r .
Trends A ssociated With Increasing  Age o f Pups
The an a ly s is  of covariance showed a  s ig n if ic a n t  age e f f e c t  
( P < 0 . 05) fo r  th is  measure and the  c o rre la tio n  analyses revealed  th a t  
th e re  were s ig n if ic a n t  p o s itiv e  c o rre la tio n s  between age and th is  
measure fo r  the  l a r g e - l i t t e r  and the  'f a th e r  a b s e n t ' groups (% b le  4 .A ). 
A study o f the graph shapes i s  u se fu l w h ils t  in te rp re t in g  these  r e s u l t s .  
F ig. 4 .7 a  shows the d iffe re n c e  in  graph shape fo r  the two l i t t e r - s i z e  
groups. Ihe s m a l l - l i t t e r  mean sco res a re  g en era lly  h i ^ ,  b u t decrease 
a t  the  end o f the record ing  period whereas the l a r g e - l i t t e r  mean sco res 
a re  g en era lly  lower throughout, b u t do n ev e rth e le ss  show a  g radual 
in c re a se . I t  i s  th i s  in c rease  which i s  r e f le c te d  in  the  c o r re la tio n  
r e s u l t .  I t  i s  p o ssib le  th a t  th is  observed d iffe re n c e  i s  due to  delayed 
development o f the l a r g e - l i t t e r  pups, in  comparison w ith  th e  sm all- 
l i t t e r  pups. Fig. 4 .7 c  shows the d iffe re n c e  in  graph shape f o r  the two 
•p a te rn a l p resence ' groui®. A s im ila r  p a tte rn  i s  observed here a s  in
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the l i t t e r - s i z e  comparison* The 'f a th e r  p re s e n t ' sco res a re  g en era lly  
h ig h , b u t decrease towards the end o f the  recording period  whereas 
the 'f a th e r  a b se n t ' sco res  a re  g en e ra lly  lower throughout, bu t show a  
gradual in c rease  throughout most o f the record ing  p erio d . I t  i s ,  once 
ag a in , th is  in crease  which r e s u l ts  in  the s ig n if ic a n t  c o r re la tio n  fo r  
the  'f a th e r  a b se n t ' sc o re s . There may again  be s im ila r  trends in  the 
two groups, bu t w ith the 'f a th e r  a b se n t ' pups showing delayed development 
in  comparison w ith the 'f a th e r  p re se n t ' pups.
In  common w ith s n if f in g ,  h e a d - l i f t in g  was observed frran the 
beginning o f the  recording  period (F ig s . 4 .? a ,  4 .?b  and 4 .7 c ) .  Also 
in  common w ith  s n i f f i n g ,  in c reases  in  scores were apparen t between 
days 12/13 and l4 / l 5  and between days I 8/19 and 20/21. These two 
in c reases  may s ig n ify  p a r t ic u la r  developmental s ta g e s . The f i r s t  one 
coincided w ith the time pups began to  leave the n e s t .  Towards the  
end o f the  recording period , the  scores en tered  a  phase o f d e c lin e . 
W illiams & S co tt (1953) found th a t  developing mice were in c reas in g ly  
in v e s tig a tin g  the  cage and o th e r an im als, from day 12 onwards.
Table 4 .7
Analysis o f Variance o f 'Head-Lifting* Scores
__________ with Scheffë Test Results_________
(Based on transformed data, with age as a covariate)
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SOURCE OF VARIANCE d f MS F P
MAIN EFFECTS
L i t t e r  S ize (L) 1 0.039 4.441 < 0.05
M aternal Experience (m) 1 0.002 0.177 NS
P ate rn a l Presence (P) 1 0.082 9.391 < 0.01
2-WAY INTERACTIONS
L X M 1 0.016 1.861 NS
L X P 1 0.001 0.078 NS
M X P 1 0.001 0.114 NS
3-WAY INTERACTION
L X M X P 1 0.003 0.339 NS
RESIDUAL 247 0.009
L i t t e r  S ize: 
Means:
7
0.079
2
0.104
(0 .62) (1 . 08)
P a te rn a l Presence: 
Means:
M
0 .0 7 3
( 0 .53)
F
0.109
(1.18)
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I l l
8 . Rearing
Ihe ANOVA and Scheffe t e s t  r e s u l ts  a re  shown in  Okhle 4 .8 ,  and 
the graphs o f the means fo r  each main f a c to r  averaged over the  o th e r 
main fa c to rs  a re  shown in  F igs. 4 .8 a , 4 .8b  and 4 .8 c . Ihe ANOVA ta b le  
shows th a t  th e re  i s  a  s ig n if ic a n t  d iffe ren ce  fo r  one main e f f e c t  and 
ano ther s ig n if ic a n t  d iffe ren ce  f o r  a  two-way in te ra c t io n .
Ihe main e f f e c t  concerns "pa terna l presence" and the  Scheffe 
t e s t  revealed  th a t  the  mean, obtained from pups ra ise d  in  the presence 
o f the f a th e r ,  i s  s ig n if ic a n t ly  h ig h er than th e  mean obtained from 
pups ra ise d  w ithout the  f a th e r .
No s ig n if ic a n t  d iffe ren c es  were apparen t between means o f 
combinations o f f a c to rs  in  the L x M two-way in te ra c tio n  using  the 
Scheff^ t e s t .  Ohe g re a te s t  d iffe re n c e  between the means, however, 
was found between the 2—Fr su b jec ts  and the 2—Mu s u b je c ts , where the  
l a t t e r  group obtained the h ig h est mean va lu e .
Trends A ssociated With Increasing  Age o f Pups
The a n a ly s is  o f covariance showed a  s ig n if ic a n t  age tren d  
(P < 0 .0 0 l)  f o r  th is  measure and the  c o r re la tio n  analyses revealed  
th a t  th ere  were s ig n if ic a n t  p o s itiv e  c o rre la tio n s  between age and th is  
measure fo r  the  l a r g e - l i t t e r ,  the "primiparous mother" and the  " fa th e r  
absent" groups (% b le  4 .A). An examination of F ig s . 4 .8 a , 4 .8b  and 
4 .8 c  rev ea ls  th a t  these  rea rin g  tren d s w ith  age show a  s im ila r  p a tte rn  
to  those observed in  h e a d - l i f t in g .  The th re e  treatm ents e x h ib itin g  a  
s ig n if ic a n t  p o s itiv e  c o rre la tio n  w ith age may a c tu a lly  be a sso c ia te d  
w ith delayed development in  comparison w ith th e  th re e  trea tm en ts  
showing no s ig n if ic a n t  c o rre la tio n  w ith  age . I t  should be no ticed
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la b le  4 .8
Analysis of Variance of 'Rearing* Scores
with Scheffë Test Results_______
(Based on transformed data, with age as a covariate)
SOURCE OF VARIANCE d f MS F P
MAIN EFFECTS
L i t t e r  S ize (l ) 1 
M aternal Experience (M) 1 
P a te rn a l Presence (P) 1
0.001
0.005
0.078
0.063
0.383
5.975
NS
NS
< 0.05
2-WAY INTERACTIONS 
L X M 
L X P 
M X P
1
1
1
0.085
0.001
0.022
6.466
0.050
1.667
< 0.05
NS
NS
3-WAY INTERACTION 
L X M X P 1 0.003 0.195 NS
RESIDUAL 24? 0.013
P
P a te rn a l Presence; 
Means:
L X M
M
0.051
( 0 .26)
F
0.086
(0 .74)
Combinations;
Means;
2-P r
0.048
7-Mu
0.053
7-Pr
0.081
2-Mu
0.093
(0 .23) (0 . 28) (0 .65) (0 ,86 )
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th a t  th is  l a t t e r  group have scores which e n te r  a d ec lin e  phase a t  an 
e a r l i e r  age than the form er group, ihe incidence of re a rin g  may 
provide a  developmental r a te  index. I f  th is  i s  the c a se , then the 
sm all l i t t e r  s iz e ,  the  m ultiparous mother and the f a th e r 's  presence 
a re  a l l  a sso c ia ted  w ith  f a s t e r  development in  mouse pups.
Rearing was n o t observed to  any g re a t  ex ten t u n t i l  day l4 ,  
a lthough i t  has been suggested th a t  i t  occurs from day 12 (W illiams & 
S co tt 1953) .  ih e re  was, in  common w ith the o th e r two exp lo ra to ry  
a c t i v i t i e s ,  an in c rease  in  th is  a c t iv i ty  between days I 2/13 and l4 / l 5  
(F ig s . 4 .8 a , 4 .8b  and 4 .8 c ) .  Such a  find ing  may in d ic a te  th a t  the 
th re e  exp lo ra to ry  a c t i v i t i e s  a re  re la te d  to  each o th e r in  terms o f when 
they a re  performed. In  a  s im ila r  fash ion  to  the h e a d - l if t in g  sco re s , 
the rea rin g  scores en tered  a  d e c lin e  phase befo re  the  end o f the 
record ing  p eriod . I t  would be in te re s t in g  to  know fu tu re  tren d s  w ith  
pup age p a s t day 25»
Care must be exercised  when considering  the re a rin g  sco res s in ce  
rea rin g  may be a  m u ltip le—fu n ctio n  a c t iv i ty .  Altman & Sudarshan 
(1975) acknowledged i t s  ro le  a s  an acu te  form of exp lo ra to ry  behaviour, 
b u t a ls o  pointed out i t s  fu n ctio n  as  a p relim inary  to  clim bing.
Rearing would a lso  be requ ired  when ob ta in ing  food from th e  c a g e - lid . 
d isp en ser. I t  cannot, th e re fo re , be assumed th a t  high re a rin g  scores 
to ta l ly  re p re se n t increased  exp lo ra to ry  behaviour.
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Q. Grooming
Ihe ANOVA and Scheffe t e s t  r e s u l ts  a re  shown in  la h le  4 .9  and 
the graphs o f the means fo r  each main fa c to r  averaged over the o ther 
main fa c to rs  a re  shown in  F ig s. 4 .9 a , 4 .9b  and 4 .9 c . There i s  a 
s ig n if ic a n t  three-way in te ra c tio n  involving l i t t e r  s iz e ,  m aternal 
experience and p a te rn a l presence. The Scheffe t e s t  id e n tif ie d  two 
s ig n if ic a n t  d iffe re n ce s  between means o f p a r t ic u la r  combinations o f 
f a c to rs .  The 7-Mu-M mean was s ig n if ic a n tly  sm aller than both the 
2-P r-F  mean and the 7-Mu-F mean.
Trends A ssociated With Increasin g  Age of Pups
The an a ly s is  o f covariance showed a  s ig n if ic a n t  age trend  
(P< O.OOl) fo r  th is  measure and the c o rre la tio n  analyses revealed  th a t  
there  were s ig n if ic a n t  p o s itiv e  c o rre la tio n s  (P<  O.OOl) between age and 
th is  measure fo r  a l l  treatm ent groups (Th,ble 4 .a ) .  This c le a r  age 
trend i s  shown in  F igs. 4 .9 a , 4 .9b  and 4 .9 c . I t  i s  p o ssib le  than an 
in crease  in  s e l f —grooming by the pups, which depended upon the 
development of th e i r  motor s k i l l s ,  was accompanied by a  d ec lin e  in  the 
amount o f grooming, pups received from th e i r  p a ren ts . One exception to  
the trend  of in c reasin g  scores w ith  pup age was the r e s u l t  obtained on 
days 22/ 23 , when scores were markedly depressed .
Grooming behaviour in  the ea rly  p o s t-n a ta l  period involved 
rudim entary ac tio n s  of the type ex h ib ited  in  the  l a t e  pre-weaning p eriod . 
In e ffe c tu a l a ttem pts a t  hindlim b and forelim b sc ra tch in g  o f the  nose 
and e a r  could be observed f i r s t ;  and then l a t e r ,  l ic k in g  o f the  forepaws, 
an ogen ita l reg ion , t a i l  and body f u r  occurred. U ltim ately  grooming
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Tkble 4.9
Analysis of Variance of 'Grooming* Scores
with Scheffë Test Results
(Based on transformed data, with age as a covariate)
SOURCE OF VARIANCE d f MS F P
MAIN EFFECTS
L i t t e r  S ize (l ) 1 0.014 0.035 NS
M aternal Experience (M) 1 0.060 0.149 NS
ib ,tem al Presence (P) 1 0.407 1.010 NS
2-WAY INTERACTIONS
L X M 1 0.000 0.000 NS
L X P 1 0.112 0.278 NS
M X P 1 0.354 0.878 NS
3-WAY INTERACTION
L X M X P 1 0.403 9.653 < 0 .01
RESIDUAL 247 0.042
L X M X P
Combinations* 7-Mu-M 2-Mu-M 7-Pr^F 2-Pr-M 2-Mu-F 7-Pr-M 2-Pr^F 7-Mu-F 
Means* 0.171 0.305 0.321 0.332 0.338 0.353 0.375 0.446
( 2 .90)( 9 .02 )( 9 .9 5 )(1 0 .6 2 )(1 1 .0 0 )(1 1 .9 5 )(1 3 .4 2 )(1 8 .6 i )
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was ch a rac te rize d  by in ten s iv e  clean ing  o f the face by the forepaws, 
and by hindlim b sc ra tch in g  o f the body. Since these grooming a c tio n s  
presuppose some fu n c tio n a l m aturation  of the b ra in , and the fo re  and 
hindlim bs, the incidence o f c e r ta in  types o f grooming could be used 
to  measure degrees of physica l development. F en tress (1978) examined 
the ontogeny of grooming in  the lab o ra to ry  mouse and concluded th a t  
grooming development was ch a rac te rize d  by th ree  stages o f in c reasin g  
muscular co n tro l and coo rd in a tio n . W illiams & S co tt (1953) described  
the  development of mouse grooming from the occasional i n i t i a l  weak 
attem pts a t  grooming, to  the l a t e r  d isp lay s  of fu lly -developed  and 
e f fe c tiv e  grooming p a tte rn s . Ihe grooming o f l i t te rm a te s  by the 
su b jec ts  was observed l a t e r  in  the  pre-weaning p erio d , b u t the 
occurrence of th is  was n o t recorded.
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10, Suckling
The ANOVA and Scheffe t e s t  r e s u l ts  a re  shown in  Ikh le  4 .1 0 , and 
the graphs o f the  means fo r  each main fa c to r  averaged over the o th er 
main fa c to rs  a re  shown in  Figs* 4 .10a, 4.10b and 4 .1 0 c . There was 
one s ig n if ic a n t  d iffe re n c e  and th is  was fo r  a main e f f e c t .  The 
l i t t e r - s i z e  fa c to r  a f fe c te d  suck ling  scores and i t  was the la rg e r  
s iz e  l i t t e r  which had a  s ig n if ic a n tly  g re a te r  mean value than the 
sm all s iz e  l i t t e r .
Trends A ssociated With In creasin g  Age_of Pups
The a n a ly s is  o f covariance showed no s ig n if ic a n t  age e f f e c t  fo r  
th is  measure, and the c o rre la tio n  analyses revealed th a t  the only 
treatm ent conditions which have a  s ig n if ic a n t  negative c o r r e la t im  w ith  
age ( P < 0 . 05) a re  the 'prim iparous m other' and 'f a th e r  p re se n t ' ones 
(Thble 4 .a ) .  The low c o rre la tio n  values in d ic a te  the  absence of an 
expected c le a r  d ec lin e  w ith age fo r  th is  a c t i v i t y . Suckling was continued 
throughout the e n t ire  recording period , through to  an age of 23 days. 
N evertheless the fprim iparous m other' and 'f a th e r  p re se n t ' sco res show 
a general decrease w ith  pup age. F ig. 4.10b shows th a t  the  two 
'm aternal experience ' trends a re  s im ila r  except th a t  the  ' prim iparous 
m other' scores go in to  an e a r l i e r  d ec lin e  (day l6  onwards). A d ec lin e  
in  suck ling  i s  l ik e ly  to  be due to  e i th e r  decreased suck ling  demand by 
the pups o r decreased p ro c l iv i ty  to  nurse by the  m others. The l a t t e r  
reason may be p e r tin e n t here s in ce  i t  i s  l ik e ly  to  be the  le s s  
experienced mothers which develop a  g re a te r  aversion  to  the growing and 
in c reasin g ly  demanding o ffsp rin g  (S e itz  1958)•
For the 'f a th e r  p re se n t ' tre n d . F ig . 4 .10c rev ea ls  two a reas  o f 
in te r e s t .  A high score on days 12/13 i s  dependent on the mother being
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p resen t in  the n e s t  to  provide the  suckling  opportun ity . I t  i s  
apparen t, th e re fo re , th a t  the f a th e r 's  presence i s  n o t to  he equated 
w ith m aternal n e s t  av e rsio n . The lower scores f r m  day l6  onwards 
may in d ic a te  acc e le ra te d  developnent in  the 'f a th e r  p re se n t ' pups, 
in  comparison w ith the 'f a th e r  a b se n t ' pups,
Bateman (1957) found th a t  th e  mean leng th  o f the  nursing  period  
decreased w ith  pup age in  mice. I t  should be no ted , however, th a t  a t  
the c lose  of the recording  period in  my own stu d y , approxim ately 10 
p er cen t o f the  observation  tim e, on average, was s t i l l  being spen t by 
the pups su ck lin g . I t  was n o t uncommon to  observe an o ld e r pup approach 
the  mother and begin suckling  when the mother was w ell away from the 
n e s t  a rea  and involved in  a  s p e c if ic  a c t iv i ty  such as ea tin g  o r 
d rin k in g . Whereas the m other's  p o s itio n , in  o r out of the  n e s t ,  i s  a  
determ inant o f the  amount of suck ling  which can take p lace in  the ea r ly  
pre-weaning s tag e s ; pup i n i t i a t io n  of suck ling  becomes an im portant 
f a c to r  in  the  onset o f suckling  bouts once the imps a re  m obile.
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Thble 4 .10
Analysis o f Variance o f 'Suckling* Scores
with Scheffe Test Results
(Based on transformed data, with age as a covariate)
SOURCE OF VARIANCE d f MS F P
MAIN EFFECTS
L i t t e r  S ize (l ) 1 0.896 3.489 < 0.03
M aternal Experience (M) 1 0.039 0.361 NS
P a te rn a l Presence (P) 1 0.246 1.304 NS
2-WAY INTERACTIONS
L X M 1 0.028 0.174 NS
L X P 1 0.000 0.003 NS
M X P 1 0.130 0.919 NS
3-WAY INTERACTION
L X M X P 1 0.290 1.773 NS
RESIDUAL 24? 0.163
L i t t e r  S ize: 2 7
Means: 0,283 0.402
( 7.80) ( 15 .31)
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11. Eatinp Solid  Food
The ANOVA and Scheffe t e s t  r e s u l ts  a re  shown in  Ihh le  4 .1 1 , and 
the graphs o f the means fo r  each main fa c to r  averaged over the o th e r 
main fa c to rs  a re  shown in  F igs, 4 .1 1 a , 4.11b and 4 .1 1 c . Ihere  was one 
s ig n if ic a n t  main e f f e c t ;  namely th a t  o f p a te rn a l p resence. When the 
fa th e r  was p resen t w ith the  developing pups, a  s ig n if ic a n tly  h ig h er 
mean score  was obtained than when the  f a th e r  was ab sen t.
Trends A ssociated With In creasin g  Age o f Pups
The a n a ly s is  o f covariance showed a  s ig n if ic a n t  age trend  
(P <  O.OOl) ajid the  c o r re la tio n  analyses showed th a t  s ig n if ic a n t  
p o s itiv e  c o rre la tio n s  (P< O.OOl) were found f o r  a l l  trea tm en t cond itions 
( la b le  4 .A ). F igs. 4 .1 1 a , 4.11b and 4 .11c show th a t  s o lid  food was 
eaten from day l4  onwards and th a t  th ere  was an expected in crease  
throughout the record ing  p erio d . I t  i s  worth commenting on the  'm aternal 
experience ' age trends (F ig . 4.11b) where although both showed a  
s ig n if ic a n t  c o rre la tio n  (P<O .OO l), the two trends appear to  e x h ib it  
d i f f e r e n t  g ra d ie n ts . A lth o t#  casual in sp ec tio n  o f F ig . 4 .11b suggests 
th a t  the ex ten t to  which feeding corresponds w ith age depends upon 
m aternal experience, in  f a c t  the  two c o r re la t io n  c o e f f ic ie n ts  do n o t 
d i f f e r  s ig n if ic a n t ly  a t  the 5 % le v e l  (z  t e s t  fo r  two Pearson c o r re la tio n
c o e f f ic ie n ts ) .
I t  i s  of in t e r e s t  th a t  W illiams & S co tt (1953) record  a  l a t e r  
age o f 17 days fo r  ea rly  in g estio n  o f food in  lab o ra to ry  mice. I  was 
ab le  to  observe th a t  fragmented p e l le ts  o f food were i n i t i a l l y  
se le c te d  from the cage sawdust and eaten w ith th e  a id  o f th e  forepaws. 
Eventually  food could be obtained from the  c ag e -lid  d isp en se r , once 
the necessary  physica l development had taken p lace  to  allow  th i s .
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Table 4.11
Analysis o f Variance o f 'Eating Solid  Food' Scores
with Scheffe Test Results
(Based on transformed data, with age as a covariate)
SOURCE OF VARIANCE d f MS F P
MAIN EFFECTS
L i t t e r  S ize (l ) 1 0.008 0.261 NS
M aternal Experience (m) 1 0.009 0.304 NS
P ate rn a l Presence (p) 1 0.149 5.178 < 0.05
2-WAY INTERACTIONS
L X M 1 0.059 2.034 NS
L X P 1 0.004 0.137 NS
M X P 1 0.001 0.032 NS
3-WAY INTERACnON
L X M X P 1 0i037 1.284 NS
RESIDUAL 247 0.029
P a te rn a l Presence* M F
Means* 0.108 0.156
(1 .16) (2 .41)
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12» Open F ie ld , P e rip h e ra l Gompartment Ambulation
The ANOVA and Scheffe t e s t  r e s u l ts  a re  shown in  Ikh le  4 .12 , and 
the histogram s f o r  the  means of each main f a c to r  averaged over the 
o th e r main fa c to rs  a re  shown in  P igs. 4 .1 2 a , 4.12b and 4 .1 2 c . A 
s ig n if ic a n t  d iffe re n c e  was found w ith  the  three-way in te ra c t io n  where 
the 2-Mu-M group had a  s ig n if ic a n t ly  sm aller mean value than the
2-Pr-M group. The vary ing  magnitudes o f the means rev ea l the  
w ide-ranging scores obtained w ith  th is  t e s t .
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Table 4.12
Analysis o f Variance o f Open F ield  'Peripheral Compartment*
Ambulation Scores with Scheffe Test Results
(Based on untransformed data)
SOURCE OF VARIANCE d f  MS
MAIN EFFECTS
L i t t e r  S ize ( l )  1 968 .00 O.O9I  NS
M aternal Experience (m) 1 1104.50 0.104 NS
P ate rn a l Presence (P) 1 276 .1 2  0.026 NS
2-WAY INTERACTIONS
L X M 1 4704.50 0.444 NS
L x P  1 120.13 0.111 NS
M x P  1 16471.13 1.556 NS
3-WAY INTERACTION
L X M X P 1 10585.12 6.491  < 0.05
RESIDUAL 24 I 63O.6O
L X M X P
Combinations* 2-Mu-M 2-Pr-F  7-P r-F  7-Pr-M 7-Mu-M 7-Mu-F 2-Mu-F 2-Pr^M 
Means: 11.5  57.25 76.5 83.5 87.0 98.0  103.0 129.25
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13» Open F ie ld , In n er Compartment Ambulation
Uie ANOVA and Scheffe t e s t  r e s u l ts  a re  shown in  Table 4 .1 3 , and 
th e  histogram s fo r  the means o f each main f a c to r  averaged over the 
o ther main fa c to rs  a re  shown in  F igs. 4 .1 3 a , 4.13b and 4 .1 3 c . A 
s ig n if ic a n t  d iffe ren ce  was found w ith  the three-way in te ra c t io n .
The Scheffë t e s t  id e n tif ie d  f iv e  s ig n if ic a n t  d iffe ren ce s  between 
p a irs  o f combination means. Ihe ?-F r-F  combination obtained  a 
s ig n if ic a n tly  la rg e r  mean value than the  2 -P r-F , the  2-Pr^M, the 
2-Mu-M, the 7-Mu-F and the  7-Mu-M com binations. Again th e re  was 
wide v a r ia t io n  w ith in  the  scores obtained f o r  th is  t e s t .
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T&ble 4.13
A nalysis o f Variance o f Open F ie ld  'In n e r  Compartment* 
Ambulation Scores w ith  Scheffg Test R esults
(Based on untransform ed d a ta )
SOURCE OF VARIANCE d f MS F P
MAIN EFFECTS
L i t t e r  S ize (l ) 1 1128.12 0.578 NS
M aternal Experience (m) 1 528.12 0.270 NS
P a te rn a l Presence (P) 1 1378.12 0.706 NS
2-WAY INTERACTIONS
L X M 1 3120.50 1.598 NS
L X P 1 162.00 0.083 NS
M X P 1 200.00 0.102 NS
3-WAY INTERACTION
L X M X P 1 1953.12 10.562 < 0 .01
RESIDUAL 24 184.92
L X M X P
Combinations: 2-P r-F  2-Pr-M 2-Mu-N 7-Mu-F 7-Mu-M 7-Pr-M 2-Mu-F 7-Pr-F  
Means: 0 .5  2 .5  3 .5  3.75 6 .75  l4 .0  22.75 52.23
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Mean scores for open field inner compartment ambulation.
Standard errors are indicated.
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l4 .  Open F ie ld . D efaecation
The ANOVA and Scheffê t e s t  r e s u l ts  a re  shown in  Table 4 . l4 ,  and 
the histogram s f o r  the  means of each main f a c to r  averaged over the o ther 
main fa c to rs  a re  shown in  F ig s. 4 . l4 a ,  4 .l4 b  and 4 . l4 c .  One main 
e f f e c t  i s  of i n t e r e s t .  A s ig n if ic a n t  d iffe re n ce  was found between 
the two le v e ls  of the  p a te rn a l presence v a r ia b le . When the  f a th e r  
was p re sen t w ith the  su b jec ts  during th e i r  pre-weaning development, 
a  s ig n if ic a n t ly  h igher mean value was obtained than when the f a th e r  
was ab sen t.
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Thble 4 .14
Analysis of Variance o f Open F ield  'D efaecation* Scores
with Scheffe Test Results
(Based on untransformed data)
SOURCE OF VARIANCE d f MS F P
MAIN EFFECTS
L i t t e r  S ize (l ) 1 4.50 0.521 NS
M aternal Experience (m) 1 8.00 0.927 NS
P ate rn a l Presence (p) 1 50.00 5.794 < 0.05
2-WAY INTERACTIONS
L X M 1 2.00 0.232 NS
L X P 1 8.00 0.927 NS
M X P 1 0.50 0.058 NS
3-WAY INTERACTION
L X M X P 1 0.00 0.000 NS
RESIDUAL 24 8.63
P a te rn a l Presence: M F
Means; 2 .75 5«25
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Mean scores for open field defaecation. Standard errors are indicated.
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14. Body Weight
The ANOVA and Scheffe t e s t  r e s u l ts  a re  shown in  Ta.'ble 4 .15  and 
the histogram s fo r  the  means o f each main f a c to r  averaged over the 
o th e r main fa c to rs  a re  shown in  F igs. 4 .15a, 4.15b and 4 .15c. 
S ig n if ic a n t d iffe ren ces  were found w ith two main e f f e c ts .  These 
were l i t t e r  s iz e  and p a te rn a l presence.
Ihe e f f e c t  of l i t t e r  s iz e  was such th a t  pups from sm alle r s iz e  
l i t t e r s  were on average h eav ie r than pups from la rg e  s iz e  l i t t e r s .
With the p a te rn a l presence fa c to r ;  when the f a th e r  was p resen t 
w ith the developing pups, a s ig n if ic a n t ly  la rg e r  mean value was 
obtained than when the fa th e r  was ab sen t.
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Tkble 4 .15
Analysis of Variance o f Body Weight Data
with Scheffe Test Results
(Based on untransformed data)
SOURCE OF VARIANCE d f MS F P
MAIN EFFECTS 
L i t t e r  S ize (l ) 1 59.842 30.661 <0.001
M aternal Experience (M) 1 4.147 2.125 NS
P ate rn a l Presence (P) 1 40.006 20.498 <0.001
2-WAY INTERACTIONS
L X M 1 8.303 4.254 NS
L X P 1 7.334 3.758 NS
M x P 1 0.252 0.129 NS
3-WAY INTERACTION 
L X M X P 1 0.525 0.269 NS
RESIDUAL 24 1.952
L
L i t t e r  S ize: 7 2
Means: 10.24 12.97 *
P
P ate rn a l Presence: M F
Means: 10.49 12.72 %
^  measurements in  grams
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Mean body weights I in grams]. Standard errors are indicated.
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l6« Conclusions and Suggestions fo r  Future Lines of Resea.iyh
1. Ihe period o f time hounded hy day 10 and day 23 o f  the lab o ra to ry  
mouse's pre-weaning period i s  ch arac te rized  by a  s e r ie s  of rap id  
developm ental changes.
2 . For the m ajo rity  o f the record ing  period , the proportion  of time 
spen t by pups in  the follow ing a c t i v i t i e s  showed a  decrease w ith 
pup age:
(a ) time spen t in  the n e s t
(b ) proxim ity to  l i t te rm a te s
(c ) locomotor behaviour
3 . For the m ajo rity  o f the  record ing  p erio d , the  p roportion  o f time 
spen t in  the follow ing a c t iv i t i e s  showed ^ n  in c rease  w ith  pup 
age:
(a )  exp loratory  a c t i v i t i e s  
( s n if f in g , h e a d - l if t in g  and rea rin g )
(b) grooming
(c )  ea tin g  s o lid  food
4 . Ihe performance of sane of the a c t i v i t i e s  depends upon the 
development o f a quadrupedal s tance and locomotion, and c e r ta in  
s p e c if ic  motor s k i l l s .  Ihe incidence o f d isp lay  o f these  
a c t i v i t i e s ,  th e re fo re , could c o n s ti tu te  an index fo r  the 
measurement o f physica l development.
138
5. The f a c t  th a t  proxim ity to  both  p a ren ts  was m aintained during  the 
pre-weaning period  i s  of in te r e s t .  I t  remains to  be e s ta b lish e d  
what the ro le s  of the paren ts  and o ffsp rin g  a re  in  m aintain ing 
th i s  a s so c ia tio n . F u rth e r work, described  l a t e r  in  th i s  p resen t 
s tudy , seeks to  exp lain  the ro le  which the  f a th e r  p lays in  
in flu en c in g  pup development.
6 . Some behavioural changes had n o t s ta b i l iz e d  by the age of 25 (lays 
when system atic  observations of the pups ended. I t  would be of 
i n te r e s t  to  in v e s tig a te  the  fu tu re  development of these  a c t i v i t i e s .
7. Twelve behavioural a c t i v i t i e s  were recorded on a  d a ily  b a s is  during 
the  pre-weaning period ; and on day 30 , open f ie ld  t e s t s  were 
conducted, followed by measurements of the  pups' body w eights.
These measures proved to  be s e n s it iv e  to  the  e f f e c t  o f l i t t e r - s i z e ,  
m aternal experience and p a te rn a l presence on pup development.
Only in  the case of the  'proxim ity  to  m other' and 'locom otor 
behav iour' a c t i v i t i e s  was th e re  no s ig n if ic a n t  e f f e c t  caused by any 
of the  th re e  f a c to r s .  Only one a c t iv i ty ;  th a t  of 'd rin k in g  w a te r ';  
had to  be excluded from the a n a ly s is  on th e  grounds th a t  
in s u f f ic ie n t  d a ta  were c o lle c te d .
The s ig n if ic a n t  e f fe c ts  o f th e  th ree  fa c to rs  and th e i r  in te ra c tio n s  
a re  d iscussed  in  d e ta i l  in  the  fo llow ing ch ap ter.
Chapter Five
THE MAIN EXPERIMENT : DISCUSSION AND CONCLUSIONS
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Chapter 5
THE MAIN EXPERIMENT ; DISCUSSION AND CONCLUSIONS
In Chapter 4 , the r e s u l ts  of the main experiment were p resen ted , 
behaviour by behaviour. In  th is  chap ter, the r e s u l ts  a re  d iscu ssed , 
e f fe c t  by e f f e c t ,  u sing  the fo llow ing order :
1 . Main e f fe c ts
2. Two-way in te ra c tio n s
3* Three-way in te ra c tio n s
F igs. 5*1 to  5*3 p resen t the  mean scores o f behaviours fo r  which 
th ere  were s ig n if ic a n t  main e f f e c ts .  F ig s. 5*4 and 5*5 p resen t the  
mean scores of behaviours fo r  which th e re  were s ig n if ic a n t  two-way 
in te ra c t io n s .  F ig. 5*6 p resen ts  the mean scores o f behaviours fo r  
which th ere  were s ig n if ic a n t  three-way in te ra c t io n s .  Histograms of 
d a ily  measurements a re  based on transform ed da ta  and histogram s of 
day 30 measurements a re  based on un transform ed d a ta . Tcible 5*1 p resen ts  
a summary of a l l  the s ig n if ic a n t  d iffe ren ce s  in  the  main experiment 
r e s u l t s .  The same ab b rev ia tio n s  a re  used, as  those in  Chapter 4 .
Before looking in  d e ta i l  a t  the r e s u l t s ,  i t  i s  of in te r e s t  to  
note some g en era l p a tte rn s . Of the th re e  independent v a r ia b le s ; 
l i t t e r  s iz e ,  m aternal experience and p a te rn a l presence; p a te rn a l 
presence was the v a ria b le  w ith the  g re a te s t  number o f s ig n if ic a n t  main 
e f f e c ts .  P a te rn a l presence s ig n if ic a n tly  a f fe c te d  the scores obtained 
fo r  h e a d - l i f t in g , re a rin g , ea tin g  so lid  food, d efaeca tio n  in  open f ie ld  
ap p ara tu s, and body weight measurements on day 30. The l i t t e r  s iz e  
fa c to r  however, had n early  a s  many s ig n if ic a n t  main e f fe c ts  as  the  
p a te rn a l presence f a c to r .  Four measurements were a f fe c te d  by l i t t e r
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Fig. 5.1a Proximity to fattier 
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Fig.5.1c Suckling
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Fig.S.ld Body weight 
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Significant litte r  size main effects [ANOVA]. Overall means are shown. An}f two litter 
s izes  not underlined by the same line are significantly different [Scheffe test].
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Proximity to  father
0
Mu Pr
Fig. 5.2 Significant maternal experience main effec t [ANOVA]. Overall means are 
shown. Maternal experience levels n o t underlined by the same line are significantly 
different [Scheffe te s t] .
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Fig. 5.3a Head-lifting
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Rearing
Fig. 5.3c Eating solid food 
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Fig. 5.3d Open field defaecation
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Fig.5.3e Bocfy weight 
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!
I
10'
5-
M
Significant paternal presence main effects [ANOVA]. Overall means are shown. Paternal 
presence levels not underlined by the same line are significantly different [Scheffe test].
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Fig. 5.Ua 
In nest
Fig. 5.4b
Proximity to  
lit term ate
2-Mu 7-Pr 7-Mu 2-Pr
Fig. 5.4c 
Rearing
2-Mu 2-Pr 7-Mu 7-Pr
01 '
005"
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Significant Utter size x maternal experience interactions [ANOVA]. Overall means are 
shown. Combinations not underlined by the same line are significantly different. 
Combinations underlined by the same line are n o t significantly different [Scheffe test}.
In nest
2 i
Mu-F Pr-F Pr-M Mu-M
Fig. 5.5 Significant maternal experience X  paternal presence interaction [ANOVA]. Overall 
means are shown. Combinations not underlined by the same line are significantly 
different. Combinations underlined by the same line are not significantly different 
[Scheffe te s t] .
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Fig. 5.6c Open field peripheral compartment ambulation
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Fig.5.6d Open field inner compartment ambulation 
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Significant litte r  size x maternal experience x paternal presence interactions [ANOVAJ. 
Overall means are shown. Combinations not underlined by the same line are 
significantly different. Combinations underlined by the same line are not significantly 
different [Scheffe test].
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•fable 5.1
Summary o f S ig n if ic a n t D ifferences in  the R esults 
From th e  Main Experiment
MEASURE SIGNIFICANT DIFFERENCE ANOVA P VALUE
L i t t e r  S ize (L)
Proxim ity to  E ith e r  
H e a d -lif tin g  
Suckling 
Body Weight
7 < 2 
7 < 2 
2 < 7 
7 < 2
< 0.05  
< 0.03  
< 0.03  
< 0.001
M aternal Experience (M)
Proxim ity to  Pb-ther Mu < Pr - 0.01
A lte rn a i Presence (? )
H e a d -liftin g
Rearing
Eating S o lid  Food 
Open F ie ld  D efaecation 
BOdy Weight
M < F 
M < F 
M < F 
M < F 
M <  F
< 0.01
< 0.03
< 0.03
< 0.03
<0.001
L X M
In  Nest
Proxim ity to  L itterm ate  
Rearing
2-^u < 2-Pr 
2-Mu < OTHERS 
2-P r < 2-Mu
< 0.03
< 0.03
< 0.03
M x P
In  Nest Mu-F < OIHERS < 0.03
L X M X P
: S n iffin g 7-Mu-M < 2-Pi>F <0.001
Grooming
P erip h •Comp,Ambulation
< [7-^1
2-Mu-H < 2-P2>M
< 0.01
< 0.03
In n er Comp.Ambulation
2-Pr-F)
2-Pp-M)
2—Mu—MJ
7*"Mu—f ) < 7“P ^ F  
7-Mu-M)
< 0 .01
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s iz e I  and these were proxim ity to  f a th e r ,  h e a d - l i f t in g , suck ling  and 
body weight measurements on day 30. The m aternal experience fa c to r  
had only one main e f f e c t .  Ihe a c t iv i ty  a ffe c te d  by m aternal experience 
was th a t  of proxim ity to  the f a th e r .
Whereas m aternal experience appears le s s  in f lu e n t ia l  than the 
o th e r two fa c to rs  when considering  the main e f f e c ts ,  an examination 
of the two-way in te ra c tio n s  rev ea ls  th a t  i t  was involved in  more 
in te ra c tio n s  than e i th e r  of the  o th e r two f a c to rs .  The combination 
involv ing  l i t t e r  s iz e  and m aternal experience had the la r g e s t  number of 
s ig n if ic a n t  two-way in te ra c t io n s ,  a f fe c tin g  the *in n e s t ' ,  'p roxim ity  
to  l i t t e r m a te ' ,  and the 'r e a r in g ' sco res . Only one s ig n if ic a n t  
in te ra c tio n  was found w ith the combination involv ing  m aternal experience 
and p a te rn a l presence. This was fo r  time spen t in  the n e s t .  No 
s ig n if ic a n t  in te ra c tio n s  were found w ith the  combination involv ing  
l i t t e r  s iz e  and p a te rn a l presence.
Four out of the t o ta l  of 15 analyses involved s ig n if ic a n t  th re e -  
way in te ra c t io n s . These fo u r were 's n i f f i n g ',  'groom ing ', 'open 
f ie ld  p e rip h e ra l compartment am bulation ' and 'open f ie ld  in n er 
compartment am b u la tio n '. The ex isten ce  of these  s ig n i f ic a n t  two-way 
and three-way in te ra c tio n s  j u s t i f i e s  the experim ental approach of 
in v e s tig a tin g  the p o s s ib i l i ty  o f in te ra c tio n s  between the  th ree  f a c to rs ,  
in  ad d itio n  to  the main e f f e c ts .  There i s  the in d ic a tio n  th a t  mouse 
pup development i s  ch a rac te rized  by some com plicated re la tio n s h ip s  
between the th re e  so c ia l f a c to r s .  These th ree  v a r ia b le s  a re  n o t 
operating  independently and each must be considered in  the l i g h t  of 
the o th e r two. By what p o te n tia l  ro u te s , however, might the  th ree  
main fa c to rs  and th e i r  in te ra c tio n s  e x e rt t h e i r  e f f e c t  ? In  order 
to  lay  a  b a s is  fo r  the in te rp re ta t io n  o f the r e s u l t s ,  p o ss ib le  causal
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mechanisms a re  p o stu la ted  in  th is  nex t s e c tio n .
P ossib le  E ffec ts  of the Three Factors
P a te rn a l Presence. Ihe c lo se  presence of the  f a th e r  during  the  
pre-weaning period of the pups could a l t e r  the pups' environment 
considerab ly . I t  seems th a t  w ith  the f a th e r  p re sen t, the o ffsp rin g  
would be l ik e ly  to  rece ive  a more comprehensive and e f f ic ie n t  
ca re tak ing  se rv ice  (Jakubowski & Terkel 1982; Leblond 1940; N oirot 
1964b, 1969b; P r ie s tn a l l  & Young 1978). By being p resen t w ith  the 
o ffsp rin g  in  the  n e s t  (Elwood 1983)1 the f a th e r  would provide t a c t i l e  
s tim u la tio n  and therm al in su la tio n . With the f a th e r  p re sen t, i t  i s  
p o ssib le  th a t  the  pups would copy h is  a d u lt  behaviour (Mugford & Nowell
1972) so th a t  t h e i r  developmental behaviour was changed as  a  r e s u l t .
I t  i s  a lso  l ik e ly  th a t  o ffsp rin g  would be exposed to  the  odours of 
the  f a th e r  and these  could a f f e c t  developmental ra te s  (F u lle r to n  &
Cowley 1971)•
The fa th e r  could a lso  in flu en ce  the  pups through the  m ediation 
of the  mother. His presence could d i r e c t  th e  m other's  a t te n t io n  away 
from the  o ffsp rin g  and towards h im self, thus dep riv ing  the pups o f 
m aternal ca re . He might a l te rn a t iv e ly  r e l ie v e  the care  tak ing  load o f the 
mother and, in  tu rn , reduce the s tr e s s  o f the  mother (Elwood & Brocm 
1978) w ith  a consequent p o s itiv e  e f fe c t  on the pups.
L i t t e r  S ize . Ihe sm all and la rg e  l i t t e r s  would rep re sen t com pletely 
d i f f e r e n t  environments fo r  the c o n s titu e n t pups. When paren ts  a re  
out o f the  n e s t ,  in d iv id u a l pups a re  l ik e ly  to  lo se  le s s  body h ea t 
in  la rg e  l i t t e r s ,  compared to  sm all l i t t e r s .  Such changes a re  be lieved
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to  a f f e c t  development in  mice (B am ett & Borland 1967) .  The recep tion  
o f t a c t i l e  s tim u la tio n  from l i t te rm a te s  would tend to  be much g re a te r  
in  th e  la rg e  l i t t e r s  than in  the  sm all ones, and th is  has been shown 
to  a f f e c t  the  development o f BALB/c mice (laBarba e t  a l .  1974). Ihe 
la rg e  l i t t e r s  would a lso  be l ik e ly  to  produce more t a c t i l e  s tim u la tio n - 
induced u ltrasounds (Okon 1970b) and fewer cold-induced u ltrasounds 
(Okon 1970a) than the  sm all l i t t e r s . The form er appear to  cause 
a d u lts  to  withdraw from the pups and the l a t t e r  appear to  a t t r a c t  
a d u lts  (N oiro t 1972b). Adults a re  a lso  a f fe c te d  by pup odours (N oiro t 
1969c ) ,  and th e re  would presumably be a  g re a te r  concen tra tion  of odours 
w ith th e  la rg e  l i t t e r  compared to  the sm all l i t t e r .  In  ad d itio n  to  
a f fe c t in g  p a ren ta l behaviour, the au d ito ry  and o lfa c to ry  output of the 
l i t t e r  could a f f e c t  the  c o n s titu e n t pups d i r e c t ly .  I t  would appear 
th a t  a  la rg e  l i t t e r  could promote l i t t e r  aversion  by the mother and a 
d e te r io ra t io n  in  m aternal care  (S e itz  1958)» perhaps because o f th e  
g re a te r  ca re tak in g  demands placed on the  mother of a la rg e  l i t t e r ,  
compared to  the  mother of a  sm all one. On the o th e r hand, i f  a  stim ulus 
th resh o ld  i s  requ ired  fo r  ca re tak in g  behaviour to  be d isp lay ed , the 
la rg e  l i t t e r  i s  l ik e ly  to  be more capable of providing i t  than the  sm all 
l i t t e r  (Leigh & Hofer 1973). The amount of a t te n t io n  from the p aren t 
p e r pup would tend to  be g re a te r  in  the sm all l i t t e r s ,  compared to  the 
la rg e  ones. The q u a lity  and q u an tity  o f m ilk obtained p er pup in  a 
sm all l i t t e r  could conceivably be g re a te r  than th a t  obtained in  a 
la rg e  l i t t e r  (Kumaresan e t  a l .  I 967) .
M aternal Experience. I f  the  m ultiparous m other's  behaviour has 
been accentuated  by h er previous breeding experience (Leblond 1940), 
then consequent changes in  the o f fs p r in g 's  development might be n o ticed . 
I t  i s  p o ss ib le  th a t  the  m ultiparous mother would be more r e s i l i e n t  to  
la rg e  ca re tak ing  demands placed on h er and be more ready to  d isp la y
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m aternal behaviour than prim iparous anim als (S e itz  I 958) .  A lte rn a tiv e ly , 
g re a te r  experience w ith  o ffsp rin g  could be equated w ith  dim inished 
performance of some m aternal behaviour, as  N oiro t (1964b) found.
Changes in  m aternal experience could a lso  a f f e c t  the m other's  
re la t io n s h ip  w ith the  f a th e r ,  which might have i t s  repercussions in  
terms of the f a th e r 's  re la t io n s h ip  w ith  the o ffsp rin g .
1. Main E ffec ts
L i t t e r  Size
In  comparison w ith pups in  la rg e  l i t t e r s ,  sm all l i t t e r  pups 
obtained s ig n if ic a n t ly  la rg e r  'p roxim ity  to  f a t h e r ' ,  'h e a d - l i f t in g ' 
and *body w e i ^ t '  sc o re s , and s ig n if ic a n t ly  sm aller 's u c k lin g ' scores
(P ig . 5 . 1 ) .
Hie ' proxim ity to  f a th e r * r e s u l t  (F ig . 5 .1a) in d ic a te s  th a t  th e  
f a th e r  was e i th e r  more a t t r a c te d  to  sm aller l i t t e r s  o r th a t  he showed 
an aversion  to  la rg e r  ones. I t  has been reported  th a t  mothers w ith 
sm all l i t t e r s  spen t more time in  the n e s t  than those w ith  la rg e r  l i t t e r s ,  
in  the  lab o ra to ry  r a t  (Grota 1973; Grota & Ader I 969; Leigh & Hofer
1973) a-nd in  the lab o ra to ry  mouse ( P r ie s tn a l l  1972) • I  d id  n o t f in d  
a  s ig n if ic a n t  l i t t e r - s i z e  e f f e c t  on 'p roxim ity  to  m other' sco res bu t 
s im ila r  mechanisms could have been operating  to  cause th is  e f f e c t  in  
the f a th e r .  S e itz  (1958) found th a t  in  prim iparous r a t s  th e re  was a 
stepw ise inverse  c o rre la tio n  between l i t t e r  s iz e  and th e  d isp lay  o f 
m aternal behaviour. He suggested th a t  th i s  behavioural trend  was 
e i th e r  caused by excessive fa tig u e  in  the  mothers of la rg e  l i t t e r s  o r 
served to  p ro te c t the  mothers of la rg e  l i t t e r s  from excessive f a t ig u e .
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This same theory  could be used to  sx p la in  the f a th e r 's  behaviour, 
e sp e c ia lly  i f  the  fa th e r  was p laying an a c tiv e  care tak ing  ro le .
Another explanation  i s  th a t  cold-induced u ltrasounds a t t r a c te d  the 
f a th e r  to  th e  pups (N oirot 19?2b). Elwood & Broom (1978) suggested 
th a t  the  h ig h er incidence o f pup u ltra s o n ic  c a ll in g  in  sm all l i t t e r s  o f 
g e rb ils  (Keriones ungu icu la tus) .  compared to  la rg e  l i t t e r s ,  could 
a t t r a c t  the  mothers to  the pups. This i s ,  however, u n lik e ly  to  exp la in  
the 'p rox im ity  to  f a th e r ' r e s u l t ,  s in ce  th is  l i t t e r  s iz e  e f f e c t  was 
apparen t a f t e r  day 15 (P ig . 4 .4 a ) when the  pup u ltra s o n ic  c a l ls  a re  
l ik e ly  to  be decreasing due to  age (Okon 1970a). The la rg e r  'p rox im ity  
to  f a th e r ' sco res of the sm all l i t t e r s  suggests th a t  they received  more 
p a re n ta l t a c t i l e  s tim u la tio n  and more p a ren ta l in su la tio n  a g a in s t  h e a t 
lo s s  than la rg e  l i t t e r s .  I t  i s  o f in te r e s t  to  note th a t  Elwood &
Broom (1978) a ls o  found a  l i t t e r  s iz e  e f f e c t  on the  time spen t by 
g e rb i l  pups w ith  the  fa th e r .  Ihey a lso  found th a t  fa th e rs  w ith  sm all 
l i t t e r s  (one pup) spent s ig n if ic a n tly  more time in  co n tac t w ith  the  
o ffsp rin g  than fa th e rs  w ith la rg e  l i t t e r s  ( th re e  and f iv e  pups).
Two explanations a re  o ffered  f o r  the  ' h e a d - l i f t in g ' r e s u l t ,  where 
th e  sm all l i t t e r s  obtained a  s ig n if ic a n tly  g re a te r  mean score than the 
la rg e  l i t t e r s  (F ig . 5 .1 b ). I t  i s  to  be expected th a t  pups in  a  la rg e  
l i t t e r  would be engaged in  more in te r-p u p  s o c ia l  in te ra c tio n s  than those 
in  a  sm all l i t t e r .  L a r g e - l i t te r  pups would spend a  la rg e  p roportion  o f 
time co n tac tin g  each o th e r , craw ling over each o th e r  o r avoiding each 
o th e r . S m a l l - l i t t e r  pups would n o t be involved in  as  many in te r-p u p  
in te ra c t io n s  and consequently would have more opportun ity  fo r  
a l te r n a t iv e  a c t iv i t i e s  such as  h e a d - l i f t in g .  The o th e r  exp lanation  
concerns th e  sm all l i t t e r s '  g re a te r  'p rox im ity  to  fa th e r*  scores
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compared to  th e  la rg e  l i t t e r s .  The c lo se r  a s so c ia tio n  o f the fa th e r  
and o ffsp rin g  might promote la rg e r  in v e s tig a tiv e  sco res in  the o ffsp rin g . 
The question  must be asked, however, why d id  th is  n o t cause an 
in te ra c t io n  between l i t t e r  s iz e  and p a te rn a l presence (L x P) to  emerge ? 
Since th e  f a th e r  was p resen t in  only h a l f  of the cases , the 2-F 
combination would be expected to  provide a  mean score which was 
s ig n if ic a n t ly  la rg e r  than th e  means of th e  o th er th re e  L x P combinations 
(2-M, 7-M and 7-F) . An L x P in te ra c t io n  was no t found however.
With th e  "su c k lin g * r e s u l t ,  the sm all l i t t e r  obtained a lower 
mean score than the la rg e  l i t t e r  (F ig . 5 « lc ) . I t  should be remembered 
th a t  suck ling  was scored f o r  both approaching and engaging the n ip p le  
a s  w ell as  fo r  a c tu a lly  in g e s tin g  m ilk. (This a c t iv i ty  i s  defined  
and described  in  Chapter 2 .)  With a  l i t t e r  s iz e  of two pups, each 
pup would tend to  lo c a te  a n ipp le  and begin feed ing  very q u ick ly .
The la rg e r  l i t t e r  s iz e  of seven pups would be l ik e ly  to  cause an 
ex tension  of the period of time any s in g le  pup would need to  lo c a te  a 
n ip p le . With a  la rg e r  l i t t e r  th e  pups would very l ik e ly  g e t in  each 
others* way, m utually p reventing  fre e  access to  the n ip p le s . This 
extended d u ra tio n  of n ip p le -seek in g  would then be r e f le c te d  in  the 
suck ling  sco res .
F ig . 4 .10a shows th a t  the d iffe re n c e  in  suck ling  scores between 
the two l i t t e r  s iz e s  was apparen t throughout the  reco rd in g  p erio d .
For th is  reason , low suck ling  scores cannot be equated w ith  high 
"eating  so lid  food * and 'd rin k in g  w a te r ' sco res; n e i th e r  o f which were 
d isp layed  u n t i l  the  end of the recording  p eriod . F u rth e r , both the 
•ea tin g  so lid  food ' and the  'd rin k in g  w a te r ' r e s u l ts  showed an absence 
o f s ig n if ic a n t  d iffe re n c e s  between the  two l i t t e r  s iz e s .
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The d i f f e r e n t  suck ling  scores may r e f l e c t  the r a te  a t  which the 
pups can ob ta in  milk from the mother. Kumaresan e t  a l .  ( I 967) 
in d ica ted  th a t  female r a ts  produced le s s  m ilk when nu rsing  small l i t t e r s ,  
bu t th a t  th e re  was more milk a v a ila b le  p e r pup, compared to  la rg e  
l i t t e r s .  I f  th i s  g re a te r  q u an tity  of m ilk could be tra n s fe rre d  more 
q u ick ly , i t  would r e s u l t  in  f a s t e r  pup s a t ia t io n  and shorten  the suckling  
d u ra tio n . This suggestion , however, needs to  be viewed in  the l i g h t  
of the  f in d in g s  of Eisen e t  a l .  (1977). They observed th a t  lab o ra to ry  
mouse mothers nu rsing  sm aller l i t t e r s ,  had sm aller mammary g lands.
This would tend to  delay  pup s a t ia t io n  and prolong th e  suck ling  d u ra tio n . 
Newosielski-Slepowron & Bark (1977) found th a t  up to  an optimum l i t t e r  
s iz e  of approxim ately seven pups, the la c ta t io n a l  cap ac ity  of r a t  
mothers increased  r e la t iv e  to  th e  l i t t e r  s iz e .  I h is  would suggest 
th a t  slow er milk e je c tio n  r a te s  in  mothers of la rg e r  l i t t e r s  were n o t 
the  cause of prolonged suck ling  time in  th e i r  pups.
As in d ica ted  in  Chapter 2 , th e re  i s  the danger in  very sm all 
l i t t e r s  th a t  th e re  would n o t be a  s u f f ic ie n t  suck ling  stim ulus to  
m aintain la c ta t io n .  The r a t  mother appears to  e je c t  m ilk in  response 
to  a  group stim ulus from the l i t t e r  (Drewett e t  a l .  1974) and in  sm all 
l i t t e r s  the stim ulus th resho ld  may n o t be reached. I t  could be argued, 
th e re fo re , th a t  a lower suck ling  score in  the  s m a l l - l i t t e r  pups was 
due, n o t to  s a t ia t io n ,  b u t to  dep le ted  m ilk supply; a  reason given 
by Drewett e t  a l .  (1974) fo r  leav ing  th e  n ip p le . This i s  most u n lik e ly , 
however, s in ce  the  body weight f ig u re s , d iscussed  below, in d ic a te  th a t  
the  pups from the sm all l i t t e r s  were n o t n u tr i t io n a l ly  dissidvantaged.
I f  the  growth o f the pups was determined by the  q u an tity  o f th e  m other's  
m ilk they received  (MacDowell e t  a l .  1930), the s m a l l - l i t t e r  pups were 
ob ta in ing  more milk than the  l a r g e - l i t t e r  pups.
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In  c o n tra s t to  th is  f in d in g  th a t  pups in  sm all l i t t e r s  spen t le s s  
time suck ling  than pups in  la rg e  l i t t e r s ,  Elwood & Broom (19?8) found 
th a t  in  g e rh i l  pups i t  was the o th e r way round. P r ie s tn a l l  (1970»
1972) a lso  found th a t  mouse pups were suck ling  fo r  a  la rg e r  proportion  
of time when in  sm all l i t t e r s .  I t  i s  p o ss ib le , although by no means 
c e r ta in ,  th a t  th is  d iffe re n c e  between my own fin d in g s  and those of the 
above workers was due to  the  adoption of d if f e r in g  methods fo r  sco ring  
su ck ling . For the reasons provided e a r l i e r ,  I  decided to  include 
n ip p le -seek in g  w ith  su ck lin g . I f  v a r ia tio n s  in  the tim e taken fo r  
d i f f e r e n t  l i t t e r - s i z e  pups to  reach the n ip p le  were resp o n sib le  f o r  
my own r e s u l t s ,  comparisons between th ese  and o th e r workers* r e s u l ts  
a re  l im ite d , b u t support i s  provided f o r  th e  'com petition  f o r  n ip p le  
s i t e s '  hypo thesis .
Comparisons of body w eights on day 30 revealed  th a t  pups from 
sm all l i t t e r s  had, o v e ra ll ,  h ig h er body w eights than those from la rg e  
l i t t e r s  (F ig . 5 * ld ). This r e s u l t  may in d ic a te  th a t  the  sm all l i t t e r s  
n e ith e r  su ffe red  from n u t r i t io n a l  d e f ic ie n c ie s  nor experienced in h ib ite d  
p hysica l development when compared to  th e  la rg e  l i t t e r s .  In  f a c t  the  
converse i s  suggested, although o th e r r e l ia b le  in d ices  of physica l 
development would be requ ired  to  confirm th i s .
An explanation  fo r  the body weight d iffe re n c es  may be found in  the  
q u a lity  o f the milk received  by the  pups in  the two d i f f e r e n t  s iz e  
l i t t e r s .  H il l  (1972) suggested the  p o s s ib i l i ty  o f an a s so c ia tio n  
between the q u a lity  o f the  mothers m ilk and the  growth r a te  of w hite­
footed mouse pups (Peromyscus leucopus) • I t  i s  p o ss ib le  th a t  mothers 
w ith la rg e r  l i t t e r s , and faced w ith  the  requirem ent to  provide a  la rg e r  
volume o f m ilk , may as  a  consequence provide m ilk which i s  le s s  
concentrated  and which i s  o f poorer q u a li ty  than mothers w ith  sm alle r
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l i t t e r s .  Such a  d iffe ren ce  in  m ilk q u a li ty  would he l ik e ly  to  he 
re f le c te d  in  th e  hody w eights o f developing o ffsp rin g . Such a  
conclusion could n o t he drawn, however, in  the  absence o f p h y sio lo g ica l 
support.
Since hody weight i s  a  measure o f p h y sica l development, i t  i s  
a ls o  p o ss ib le  th a t  some c h a ra c te r is t ic  fe a tu re  o f th e  sm all l i t t e r  
s i tu a t io n  a c tu a lly  a cc e le ra te d  development. I f  th i s  was the  case , a  
l ik e ly  candidate would he th e  amount o f t a c t i l e  s tim u la tio n  rece iv ed , 
s in ce  i t  would appear th a t  th e  pups in  sm all l i t t e r s  were rece iv in g  more 
a t te n t io n  from the  f a th e r .  Padmanahhan & Singh ( I 98O) suggested th a t  
in te r-an im a l re la tio n sh ip s  were resp o n sib le  fo r  growth r a te  d iffe re n c e s  
between auiimals from d if f e r e n t  s ized  r a t  l i t t e r s .  Winick & Noble 
( 1967) commented on a  mechanism th a t  would he l ik e ly  to  a f f e c t  growth, 
and claimed th a t  c e l l  d iv is io n  r a te s  were a f fe c te d  and th a t  th ese  
determ ined the  f in a l  number of c e l l s  p er organ in  developing r a t s .
As a lread y  d iscu ssed , the therm al c h a ra c te r is t ic s  of a  l i t t e r  would 
he determ ined, to  some e x te n t, by the  l i t t e r  s iz e ,  and th i s  may a lso  
have a f fe c te d  development. In  R u s se ll 's  (1971) review o f in f a n t i l e  
s tim u la tio n , both  t a c t i l e  and therm al e f fe c ts  were considered to  be 
l ik e ly  instrum ents f o r  causing behavioural changes in  roden t l i t t e r s  ; 
po ssib ly  through the  m ediation o f changes in  p h y s io lo g ica l mechanisms. 
I t  i s  p o ssib le  th a t  a  combination o f therm al and t a c t i l e  s tim u la tio n  
f a c to rs  were resp o n sib le  fo r  changes in  developmental c h a r a c te r is t ic s .  
Denenberg (1964) p u t forward a  theory  o f ' t o t a l  stim ulus input*  where 
th e  sum, o r in te ra c t io n ,  o f the s tim u li from various sources was seen 
to  determ ine the r e s u l ta n t  e f f e c ts .  S tay ing  w ith  therm al e x p lan a tio n s , 
Dudley (1974a) concluded th a t  th e  f a th e r 's  presence was re sp o n s ib le  f o r  
maintenance o f body tem perature and, in  tu rn , w eight gain  in  
C a lifo rn ia  mouse pups (Peromyscus c a lifo m ic u s  ) . B iis  a ls o  re p re se n ts
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a  p o ssib le  exp lanation  f o r  my own r e s u l t s .  Ihe f in d in g , th a t  mouse 
pups from sm all l i t t e r s  a t t a in  h i ^ e r  body masses than those firom la rg e  
l i t t e r s ,  i s  c o n s is te n t w ith  most o th e r  re p o rts  on the  l i t te i> -s iz e  
e f f e c t  on rodent development. These were reviewed in  Chapter 1.
I t  i s  o f  i n te r e s t  t h a t ,  in  c o n tra s t to  the many reported  l i t t e r ^  
s iz e  e f f e c ts  on open f ie ld  behaviour reviewed in  Chapter 1 , no such 
l i t t e r - s i z e  e f fe c ts  were found in  th is  experim ent. With excep tions, 
( f o r  example, ELwood & Broom 1978), e a r l i e r  work has paid  f a r  more 
a t te n t io n  to  the  e f f e c t  o f l i t t e r  s iz e  on m aternal behaviour than on 
p a te rn a l behaviour. My own r e s u l t s  s h i f t  th e  emphasis towards the  
fa th e r-p u p  re la t io n s h ip .  Such a  r e la t io n s h ip  could prove to  be an 
im portant determ inant o f  mouse pup behavioural development. I t  i s  
p o ss ib le  th a t  increased  pup attendance by the  f a th e r  in  sm all l i t t e r s ,  
compared.to la rg e  l i t t e r s ,  may have co n trib u ted  to  the  m ediation of 
o th e r repo rted  e f fe c ts  in  th is  experim ent.
M aternal Experience
Only one main e f f e c t ,  due to  m aternal experience, was found; th a t  
i s ,  o ffsp rin g  reared  by a  m ultiparous mother obtained a  s ig n if ic a in tly  
sm aller 'p rox im ity  to  f a th e r * mean score than o ffsp rin g  rea red  “ty  a  
prim iparous mother (P ig . 5*2). P ig . 4 .4b  shows th a t  i t s  in flu en ce  
was p a r t ic u la r ly  marked towards th e  beginning o f th e  record ing  p e rio d . 
The in d ic a tio n  i s  th a t ,  s ince  th e  pups spen t most of t h e i r  time in  th e  
n e s t  during  th i s  p erio d , the  f a th e r  had been resp o n sib le  f o r  the  e f f e c t  
hy spending a  la rg e r  p roportion  o f time in  n e s t  a ttendance when 
accompanying a  prim iparous mother a s  opposed to  a  m ultiparous m other.
I f  th i s  i s  the case , one could question  w hether the f a th e r  was p lay ing  
a  compensatory ro le  f o r  inadequacies in  the  prim iparous m other's
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care  tak in g  behaviour. The care tak ing  ro le s  o f the mother and the
fa th e r  a re  examined in  Chapter 6•
In  c o n tra s t to  th e  e f f e c t  o f m aternal experience on "proximity 
to  fa th e r"  sco res , no corresponding e f f e c t  was found w ith  the "proximity 
to  mother* sc o re s . The e f f e c t  on "proximity to  fa th e r"  can be 
in te rp re te d  in  a  number o f ways. One p o s s ib i l i ty  i s  th a t  prim iparous 
and m ultiparous mothers respond d if f e r e n t ly  to  the  f a th e r  which in  
tu rn  in flu en ces  the re la t io n s h ip  between the f a th e r  and th e  o ffsp rin g . 
For example. Dice (1929) rep o rted  th a t  in  some roden t sp e c ie s , the 
mother freq u en tly  prevented th e  f a th e r  from having access  to  the n e s t 
du ring  the  e a r ly  pre-weaning p e rio d , Horner (194?) however, d id  n o t 
f in d  th a t  th e  f a th e r  had th i s  r e s t r i c t io n  imposed on him in  
Peromyscus sun.; no r have I  ever observed th is  in  the  la b o ra to ry  mouse.
I t  i s  p o ss ib le  th a t  d iffe re n c e s  in  the  m other's  ca re tak in g  
behaviour, due to  m aternal experience, had changed the stim ulus 
c h a ra c te r is t ic s  o f the  pups; f o r  example, concerning th e  em ission of 
u ltraso u n d s; which, in  tu rn , had a ffe c te d  the re la tio n s h ip  between the 
fa th e r  and th e  pups. I t  has been suggested (Harper 1970; R osenblatt 
& Lehrman 1963; S chaffer 1977? Spencer-Booth 1970) th a t  th e  o f fs p r in g s ' 
e f f e c t  on th e  paren ts  i s  a s  im portan t a s  the  p a re n ts ' e f f e c t  on th e  
o ffsp rin g .
Another exp lanation  f o r  t h i s  "proximity to  fa th e r"  r e s u l t  concerns 
the experience o f the  f a th e r .  I t  w i l l  be necessary  to  r e f e r  to  the  
f a th e r 's  rep roductive and ca re tak in g  experience s in ce  th is  w i l l  vary 
in  correspondence w ith the  m o th er's . The com position of each a d u lt  
p a ir  a t  the  time o f i n i t i a l  mating was preserved du ring  subsequent 
breeding  episodes (Chapter 3 ) .  I t  i s  p o ssib le  th a t  th e  f a th e rs  which
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were w ith  m ultiparous m others, spen t le s s  tim e w ith the  pups because they 
were more experienced than th e  fa th e rs  accompanying prim iparous m others. 
In  the  p a s t much emphasis has been p laced  on the  m aternal experience 
fa c to r  w ith  l i t t l e  co n s id e ra tio n  f o r  an eq u iv a len t p a te rn a l experience 
e f f e c t .  Some evidence from previous experim ental work was provided 
in  C h ap te rllto  support the  id ea  th a t  d iffe re n c e s  in  m aternal behaviour 
e x is t  between prim iparous and m ultiparous ro d en ts. I t  i s  th e re fo re  
conceivable th a t  th e  s ig n i f ic a n t  d iffe re n c e  between the  two "proximity 
to  fa th e r"  means could have been caused Tqy d iffe re n c e s  in  the  m other's  
behaviour in flu en c in g  the  fa th e r-p u p  re la t io n s h ip . A lte rn a tiv e ly , 
i t  could have been caused by d iffe re n c e s  in  th e  f a th e r 's  behaviour 
d i r e c t ly  a f fe c t in g  th e  amount o f co n tac t tim e w ith  th e  o ffsp rin g .
In  th e  o r ig in a l  design of t h i s  experim ent, m aternal experience 
was emphasized because o f the  m other's  well-known and h igh ly  necessary  
ro le  of provid ing  care tak in g  behaviour (Denenberg 1972; Harper 1970; 
Thoman & Arnold 1978). The g eneral observations and r e s u l t s  s tro n g ly  
in d ic a te  however, th a t  th e  experience of the  f a th e r  must a ls o  be 
considered . I t  must be remembered th a t  i t  was the  "proxim ity to  
fa th e r"  r e s u l ts  which were a f fe c te d  by th is  trea tm en t and n o t the 
"proximity to  mother" r e s u l t s .  One might a ls o  expect the  "suckling" 
r e s u l ts  to  be s ig n if ic a n t ly  a f fe c te d  by m aternal experience, b u t th i s  
was n o t th e  case . F u rther work i s  now c a lle d  f o r ,  in  o rd er to  un ravel 
the  m aternal experience e f f e c t  from th e  p a te rn a l experience e f f e c t .
A 2 X 2 design , invo lv ing  two le v e ls  o f m aternal experience f o r  one 
independent v a r ia b le  and two le v e ls  o f  p a te rn a l experience f o r  the 
o th e r , could p ro f ita b ly  be used.
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Having considered the  e f f e c t  o f m aternal experience on the  
development o f o ffsp rin g , i t  i s  ev iden t th a t  prim iparous mothers were 
s u f f ic ie n t ly  m aternal to  enable pup development to  proceed w ithout 
f a t a l i t i e s  o r  n o ticeab le  behavioural d e f ic i ts  in  the o ffsp rin g ; a  
general observation  a ls o  re fe r re d  to  by Richards ( I 967) . Beach &
Jaynes (1956a) and R osenblatt & Lehrman ( I 963) commented th a t  th i s  was 
the case in  r a t s ;  and Lashley (1938) commented th a t  i t  was tru e  o f mice.
Ib .tem al Presence
Five measures were s ig n if ic a n tly  g re a te r  in  the presence o f the 
f a th e r  than  in  h is  absence. These were " h e a d - lif t in g " , " rea rin g " , 
"eating  s o lid  food", "defaecation in  open f i e ld  apparatus" and body 
w eight measurements.
S ig n if ic a n tly  la rg e r  h e a d - l i f t in g  scores were obtained  o v e ra ll ,  
when the f a th e r  was p re sen t, compared to  when he was ab sen t (F ig . 5*3&) * 
I t  could be argued th a t  th e  f a th e r 's  presence had caused the m o ther's  
a t te n t io n  to  be d ire c te d  towards h im self and away from the l i t t e r ,  and 
th a t  an in c rease  in  h e a d - l if t in g  was th e  pup response to  the absence 
o f th e  mother from the  n e s t .  "Proximity to  mother" sco res were n o t 
s ig n if ic a n tly  a f fe c te d  by p a te rn a l presence, however, rendering  th i s  
"m aternal n eg lec t"  hypothesis u n lik e ly . I  gained th e  genera l su b jec tiv e  
Im pression from casual o b servations, th a t  when th e  f a th e r  was p re se n t, 
pups were l ik e ly  to  b e n e f i t  from in c reased , r a th e r  than  decreased , 
ca re tak in g . The f a th e r  was observed spending a  la rg e  p roportion  of 
time in  the  n e s t  w ith  th e  pups, and the  m other's  ca re tak in g  behaviour 
was n o t seen to  s u f f e r  when the  f a th e r  was p re se n t. I t  i s  more l ik e ly  
th a t  h e a d - l i f t in g  i s  an immediate response to  the  presence o f th e  
f a th e r ,  p o ssib ly  caused by the  f a th e r 's  o lfa c to ry  o u tp u t. ( i t  should
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be no ticed  th a t  th i s  po ssib le  connection between the  f a th e r 's  presence 
and o ffsp rin g  h e a d - l i f t in g , i s  c o n s is te n t w ith  the  l i t t e r - s i z e  r e s u l t ,  
where c lo se  proxim ity to  the f a th e r  was asso c ia ted  w ith  an increased  
d isp lay  o f h e a d - l i f t in g .)  Obvious sources o f a d u lt  male odour would 
be the u rin e  and the p re p u tia l glands (Brown & W illiams 1972).
Bronson & Garoom ( l9 7 l)  found th a t  male u r in e , the  odour of male p re p u tia l 
gland homogenate and l ip id  e x tra c ts  from male p re p u tia l  g lands, a l l  
co n s titu te d  an e f fe c tiv e  a t t r a c ta n t  f o r  sexually  inexperienced  female 
mice. Male mice a re  a lso  s e n s it iv e  to  a d u lt  male odours as i s  
evidenced by odour-induced aggression  experiments (A rcher I 968; Mugford 
& Nowell 1971) '  I t  remains to  be e s ta b lish ed  whether such odours evoke 
h e a d - l if t in g  behaviour in  the re c ip ie n t  anim als.
S ig n if ic a n tly  la rg e r  re a rin g  scores were a lso  obtained  o v e ra ll ,  
when the f a th e r  was p re sen t, compared to  when he was ab sen t (F ig . 3»3L).
I t  would be tempting to  m aintain th a t  re a rin g  i s  an o th er exp lo ra to ry  
a c t iv i ty  l ik e  h e a d - l i f t in g , and th a t  th i s  response could be explained 
as  a response to  the  f a th e r 's  presence, in  the same way as  the head- 
l i f t i n g  r e s u l t .  Rearing a lso  serves as  a  p relim inary  to  clim bing 
and feeding  from the cag e-lid  food c o n ta in e r, however, and on th is  
b a s is  i t  i s  p o ssib le  th a t  those anim als which were d isp lay in g  most 
re a rin g  were in  f a c t  doing so because th e i r  r a te  o f development was 
a c c e le ra te d . Dudley (1974a) found th a t  C a lifo rn ia  mouse o ffsp rin g  
ra ise d  in  the presence of the  f a th e r  showed advanced development in  
comparison w ith those ra ised  w ithout the  f a th e r .  Dudley considered 
th a t  th is  was because the f a th e r  helped to  reduce th e  r a te  o f h ea t 
lo ss  by the pups. Elwood & Broom (1978) a ls o  found th a t  g e rb i l  
o ffsp rin g  exh ib ited  f a s te r  behavioural development when the  f a th e r  
was p re se n t. They a lso  supported the  suggestion  th a t  the major
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co n tr ib u tio n  o f th e  f a th e r  to  th e  o ffsp rin g  was a  therm al one.
P r ie s tn a l l  & Young ( I 978) ,  however, d id  n o t f in d  th a t  th e  lab o ra to ry  
mouse o ffsp rin g  developed f a s t e r  in  th e  presence o f  the  f a th e r ,  compared 
to  o ffsp rin g  ra ise d  w ithout th e  fa th e r ;  even though they acknowledged 
th a t  pups ra ise d  w ith  th e  f a th e r  received  some p ro te c tio n  from h ea t 
lo s s .  An a l te r n a t iv e  developm ental r a te  hypothesis to  th e  therm al 
one, invo lves th e  recep tio n  o f t a c t i l e  s tim u la tio n . Levine ( 1962b) 
d iscussed  a  'd i r e c t  a c t io n ' hypothesis where s tim u la tio n , p e rc ep tib le  
to  th e  pups, would in flu en ce  the  p h y sio lo g ica l systems o f th e  o ffsp rin g  
which were undergoing rap id  development. Pups ra ise d  w ith  th e  f a th e r  
would be l ik e ly  to  rece iv e  more t a c t i l e  s tim u la tio n  than those ra ise d  
w ithout th e  f a th e r .  A lth o u ^  Gross & LaBarba (1978) found no evidence 
to  support tiie  claim  th a t  neonata l s tim u la tio n  lead s  to  a cce le ra ted  
physica l development in  BALB/c mice, LaBarba e t  a l ,  (1974) found th a t  
i t  a f fe c te d  th e i r  behavioural development. O ther f in d in g s  have 
supported th i s  claim , however ( fo r  example, Denenberg & Karas 1959)* 
and i t  has been suggested th a t  th e re  may be optimum degrees o f stim u la­
tio n  which a re  req u ired  f o r  development to  proceed norm ally (Denenberg 
1962b) o r f o r  i t  to  develop more rap id ly  than usu a l (Levine 1962a ) .
I t  may be th a t  w ith  only the mother p re se n t, th e  amount o f  s tim u la tio n  
i s  le s s  than optimum, b u t th a t  the  optimum le v e l  i s  reached w ith  th e  
presence o f both  p a re n ts .
Pups rea red  w ith  the  f a th e r  sp en t, o v e ra ll ,  a  s ig n if ic a n t ly  la r g e r  
p roportion  o f tim e ea tin g  s o lid  food than pups w ithout th e  f a th e r  
p re se n t (F ig . 5*3c). Ib is  may again  be a  r e s u l t  o f f a s t e r  development 
in  the  'f a th e r  p re sen t '  pups s in ce  the  onse t o f th i s  a c t iv i ty  
c o n s ti tu te s  a  m ilestone in  mouse pup development. 'S u ck lin g ' sco re  
d iffe ren ce s  might be expected to  provide an in v erse  c o r re la te  o f 'e a t in g  
s o lid  food '  sco res b u t no s ig n if ic a n t  p a te rn a l presence e f f e c t  was found
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w ith  su ck ling . In  common w ith  th e  spiny mouse (Acomys c a h ir in u s )
(P o rte r  e t  a l .  198O), suck ling  in  my own mice continued u n t i l  long 
a f t e r  s o lid  food was f i r s t  in g es te d . This would in d ic a te  th a t  th e  
pups ra ise d  in  th e  presence o f the  f a th e r  were g e tt in g  th e  b e s t  o f both 
n u t r i t io n a l  w orlds, and th is  may h e lp  to  exp lain  the  body weight d a ta  
d iscussed  below.
Animals reared  w ith the  f a th e r  obtained s ig n if ic a n t ly  la rg e r  
defaeca tion  sco re s , o v e ra ll ,  than those reared  w ithout th e  f a th e r  
(F ig . 5 . 3d ) . D efaecation in  open f i e ld  t e s t s  i s  g en e ra lly  taken 
to  in d ic a te  a  le v e l  o f em otionality  in  su b je c ts . High defaeca tio n  
sco res have been a sso c ia ted  w ith  low am bulation scores (Denenberg 1963a) 
and both  have been regarded a s  in d ic a to rs  ch a ra c te r iz in g  a  high le v e l 
of em otionality  (Broadhurst & Levine I 963; Denenberg 1963a» LaBarba 
& White 1971) .  I t  has been claimed th a t  freq u en t d efaeca tio n  rep re sen ts  
a  m aladaptive s t r e s s  response which has been mediated by the  autonomic 
nervous system (Denenberg 1963a ; Levine I 96O). I f  defaeca tio n  sco res 
provide a  measure o f an x ie ty  o r  em o tio n a lity , those mouse pups ra ise d  
in  the  presence o f the f a th e r  d isp layed  high le v e ls  o f a n x ie ty . As 
in d ica ted  e a r l i e r ,  however, th is  conclusion could n o t be supported by 
observations o f the re la t io n s h ip  between th e  fa th e r  and th e  pups. Pups 
appeared to  rece iv e  more p a re n ta l care  and a t te n t io n  when the f a th e r  
was p re sen t, and fa th e rs  were n o t observed an tagonizing  o ffsp rin g .
The s ig n if ic a n t  d efaecation  d iffe re n c e  was no t a sso c ia te d  w ith  any 
o th e r s ig n if ic a n t  open f i e ld  t e s t  d if fe re n c e . This measure may n o t, 
th e re fo re , provide a  v a lid  index o f an x ie ty  le v e ls .  Daly (1973) and 
Denenberg, Wehmer, Werboff & Zarrow ( I 969) questioned whether mouse
defaeca tion  scores v a lid ly  measured em otionality  and V ille sc a s  e t  a l .  
(1977) claimed th a t  the  open f i e ld  d efaeca tio n  measure had n o t been
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found to  have a  r e la tio n s h ip  w ith  o th e r supposed measures o f 
em o tio n a lity . B rain  & Nowell (1969) and B ru e ll ( I 963) m aintained 
th a t  d efaeca tio n  in  mice may be a sso c ia te d  w ith  t e r r i t o r i a l  marking, 
and S aylor A Salmon (1971) found th a t  BALB/c mice obtained  group mean 
sco res  f o r  open f ie ld  d efaeca tio n  which were in c o n s is te n t w ith  th a t  
assumed by the g en era l em otionality  hypo thesis . That i s ,  low d efaecation  
r a te s  were n o t accompanied by high a c t iv i ty  r a te s .
Experiments have been conducted which have lin k ed  increased  p re -  
weaning t a c t i l e  s tim u la tio n  w ith  e lev ated  open f ie ld  d efaeca tion  scores 
in  both  th e  r a t  (Caldw ell & Kesner I 966) and the  mouse (Henderson 1964). 
Such r e s u l t s  a re  c o n s is te n t w ith  my own s in ce  the  f a th e r 's  presence in  
my own experiment would have provided the  o ffsp rin g  w ith  e x tra  t a c t i l e  
s tim u la tio n . The only conclusion which can be co n fid en tly  drawn from 
th is  r e s u l t ,  however, i s  th a t  the  p a te rn a l presence trea tm en t s ig n if ic a n t ly  
a f fe c te d  th e  d efaeca tio n  response o f the o ffsp rin g  to  a  novel 
environment.
The body w eight r e s u l t  supports th e  suggestion  th a t  th e  presence 
of th e  f a th e r  a c c e le ra ted  pup development. A s ig n if ic a n t ly  g re a te r  
mean mass was obtained  f o r  the groups ra ise d  w ith th e  f a th e r ,  compared 
to  those ra ise d  w ithout th e  f a th e r  (F ig . 3*3e). I t  would seem l ik e ly  
th a t ,  s in ce  the fa th e iv p re se n t pups spen t more tim e in g e s tin g  s o lid  
food than th e  fathei>-absent pups, they would a ls o  experience g re a te r  
weight g a in s . There a re  a  number o f ways by which the  f a th e r  could 
have caused th is  body w eight r e s u l t .  O lfac to iy , t a c t i l e ,  therm al, 
m aternal s u b s t i tu t io n  and m aternal m ediation hypotheses a re  the  most 
re le v a n t and w i l l  be d iscussed  in  tu rn .
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F u lle rto n  A Cowley (1971) found, th a t  young female mice reared, in  
the  presence o f a d u lt  males showed a cc e le ra te d  development. The ages 
a t  which the eyes opened, the  ea rs  opened, th e  in c is o rs  erup ted , the 
pinnae unfolded and th e  vagina opened were e a r l i e r  than in  co n tro l 
anim als which were n o t exposed to  a d u lt  m ales. The f a th e r 's  presence 
a lso  had the e f f e c t  o f  a c c e le ra tin g  weight gain  in  th e  developing mice. 
F u lle rto n  A Cowley argued th a t  a d u l t  male odours were l ik e ly  to  be 
re sp o n s ib le , s in ce  th e  males were n o t in  co n tac t w ith  th e  pups. I t  
i s  conceivable th a t  in  my own experim ent, i t  was th e  f a th e r 's  odours 
which were in stru m en ta l in  a c c e le ra tin g  w eight g a in .
Another p o s s ib i l i ty  i s  th a t  th e  f a th e r  was re sp o n sib le  fo r  
promoting w eight gain  in  pups by in c reasin g  the amount o f s tim u la tio n  
the  pups rece iv ed . As in d ica te d  e a r l i e r ,  the  suggestion  i s  th a t  a  
ph y sio lo g ica l mechanism had m ediated changes a f fe c t in g  l a t e r  behaviour 
and development (Ader 1970; King A E le fth e rio u  1959? Levine 1959^?
R ussell 1971)*
The therm al hypothesis has a lread y  been d iscussed  and i t  has the  
support o f  re sea rch ers  working w ith  th e  g e rb i l  (Elwood A Broom 1978? 
Waring A Perper I 98O), the w h ite-foo ted  mouse (H ill  1972), th e  C a lifo rn ia  
mouse (Dudley 1974a ) , the  lab o ra to ry  mouse (Mugford A Nowell 1972), 
and o th e r mouse sp ec ies  (Chew A Spencer I 967) .  The f a t h e r 's  presence 
in  the  n e s t  would in h ib i t  h ea t lo s s  (B arn e tt A Borland I 967? B arn e tt 
A Manly I 958) , and in  tu rn  he lp  to  ensure th a t  food energy was d ire c te d  
away from tem perature maintenance and towards growth. Dudley (1974a) 
found th a t  when C a lifo rn ia  mice were deprived o f t h e i r  m others, those  
pups which were w ith th e i r  f a th e r  experienced h ig h er body tem peratures 
than when th e  f a th e r  was a lso  a b sen t. I t  seems h igh ly  l ik e ly  th a t .
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w ith th e  f a th e r  p re se n t, m etabolic r a te s  can f a l l  to  a  lower le v e l 
w ithout reduction  of body tem perature; a  mechanism which would reduce 
the  amount o f therm al energy l o s t  and which would tend to  in crease  the 
body w eight. I t  i s  claimed th a t  mice can therm oregulate p roperly  a t  
the  tim e th e i r  eyes open (Chew & Spencer I 967) .  From th i s  time onwards 
the f a th e r 's  presence could s ig n if ic a n t ly  reduce th e  p roportion  o f energy 
in  the  ingested  food which i s  l o s t  in  tem perature maintenance.
The f a th e r  may have a lso  a f fe c te d  th e  pups by adding to  o r 
s u b s t i tu t in g  f o r  the  m other's  ca re tak in g  behaviour. The f a th e r ,  i t  
seems, can perform most of th e  care tak in g  ta sk s  o f th e  mother except 
f o r  th a t  o f n u rsin g . Dudley (1974b) suggested th a t  th e  f a th e r  played 
a  care tak in g  ro le  in  the  re a rin g  o f young C a lifo rn ia  m ice. U rogen ita l 
s tim u la tio n , which i s  necessary  f o r  e lim in a tio n , can be performed by 
the  f a th e r  in  g e rb ils  (Elwood 1975&)«
The m aternal m ediation hypothesis was considered in  Chapter 1 and 
i s  the su b je c t o f two experim ents in  Chapter 6 . The suggestion  made 
i s  th a t  th e  f a th e r 's  presence a f f e c ts  th e  m other's  behaviour which, 
in  tu rn , causes changes in  the  o f fs p r in g 's  development. Dudley (1974a) 
suggested th a t  th e  f a th e r 's  presence could have improved th e  m other's  
m ilk supply, e i th e r  through allow ing th e  mother to  spend le s s  time w ith  
th e  l i t t e r  and more time feed ing  h e r s e l f ,  o r through a  neuro-endocrine 
mechanism. This i s  an im portant hypothesis to  in v e s t ig a te .  Smotherman 
& B e ll ( 1980) suggested th a t  th e  confounding o f d i r e c t  and m aterna lly  
mediated in flu en ces  has prevented a  f u l l  understanding o f the  way an 
o f fs p r in g 's  experiences a f f e c t  i t s  l a t e r  behaviour.
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2 . Two-Way In te ra c tio n s
L i t t e r  S ize x M aternal Experience
Three, two-way in te ra c tio n s  invo lv ing  l i t t e r  s iz e  and m aternal 
experience were s ig n if ic a n t#  The 2—Mu o ffsp rin g  obtained  th e  sm a lle s t 
mean score f o r  ' i n  n e s t '  and 'proxim ity  to  l i t te r m a te '  a c t i v i t i e s ,  and 
th e  la rg e s t  mean score  f o r  'r e a r in g '.  A ll th ree  o f th ese  r e s u l t s  can 
be explained by suggesting  th a t  th e  in te ra c t io n  of sm all l i t t e r  s iz e  
and m ultiparous mother re su lte d  in  f a s t e r  o ffsp rin g  development.
Evidence was reviewed in  an e a r l i e r  p a r t  o f th is  ch ap ter to  suggest th a t  
m aternal behaviour was a f fe c te d  by p a r i ty .  I t  i s  p o ss ib le  th a t  th e  more 
experienced mothers caused th e i r  o ffsp rin g  to  develop a t  a  f a s t e r  r a te  
than prim iparous ones; b u t th a t  th is  only became apparen t in  sm all 
l i t t e r s  where the  mother was ab le  to  devote more o f h e r time to  each 
pup, r a th e r  than in  la rg e  l i t t e r s  where pups had to  compete more f o r  th e  
m other's  a t te n t io n .
For the  ' in  n e s t '  measure, the  2-Mu mean was s ig n if ic a n t ly  sm alle r 
than th e  2 -P r mean (F ig . 5 .4 a ) .  Pups which were developing f a s t e r  
might conceivably spend more time out o f the  n e s t  and, as  a  consequence 
o f t h i s ,  spend le s s  time in  c lo se  proxim ity to  th e i r  l i t te rm a te s .
The 2-Mu mean f o r  the  'proxim ity  to  l i t te rm a te  '  measure was s ig n if ic a n t ly  
sm aller than th e  o th e r th ree  means; which were the 2 -P r, the  7 -P r and the  
7-Mu means (F ig . 5 .4 b ). I t  i s ,  o f  course , p o ssib le  th a t  in s te a d  of 
th e  ' i n  n e s t '  e f f e c t  causing th e  'p roxim ity  to  l i t t e r m a te ' e f f e c t ,  i t  
was th e  o th e r way round. Development in  lab o ra to ry  mice invo lves th e  
estab lishm ent o f a  gradual independence from l i t te rm a te s  (W illiams & 
S co tt 1953). A p ro c liv ity  to  move away from l i t te rm a te s  would r e s u l t  
in  a  decrease in  the 'i n  n e s t ' sc o re s .
l66
The 'r e a r in g * a n a ly s is  showed th a t  th e  2-Mu mean was s ig n if ic a n tly  
g re a te r  than the  2 -P r mean (F ig . 5 .4 c ) . This i s  to  he expected i f  the 
2-Mu o ffsp rin g  were e x h ib itin g  a cc e le ra te d  development. As in d ica ted  
e a r l i e r ,  re a rin g  i s  an a c t iv i ty  in c lu d in g  both an in v e s tig a tiv e  element 
and a  p rep ara to ry  element f o r  o th e r  motor s k i l l s ;  namely clim bing and 
o b ta in ing  s o lid  food and w ater. I f  th e  m other's  behaviour was responsib le  
f o r  the  o f fs p r in g 's  a cc e le ra te d  development, what a sp e c t o f h e r behaviour 
caused th is  ? Gross & LaBarba (1978) found th a t  m aternal behaviour 
in  BALB/c mice d id  n o t show a  s tro n g  c o r re la tio n  w ith  o ffsp rin g  
developmental r a te s .  Ward (198O) found th a t  th e  p a tte rn  o f m aternal 
m anipulation o f lab o ra to ry  mouse pups which caused th e i r  a c c e le ra te d  
development, involved more than ju s t  th e  o v e ra ll q u an tity  o f manipulation.. 
F u rth er conclusions cannot be drawn u n t i l  th e  m other's  trea tm en t o f th e  
o ffsp rin g  has been in v e s tig a te d  more c lo se ly .
M aternal Experience x P a te rn a l Presence
One s ig n if ic a n t  in te ra c t io n  was found and th is  involved the  
'i n  n e s t '  a c t iv i ty .  The Mu-F pups sp en t, on average, a  sm alle r amount 
o f tim e in  th e  n e s t  than each o f the  o th e r  th ree  groups o f pups t 
Pr-M, Pr-F and Mu-M (F ig . 5*5)• This r e s u l t  in d ic a te s  th a t  pups rea red
by a  m ultiparous mother and w ith  a  f a th e r  p re se n t, experienced f a s t e r  
development. Elwood & Broom (1978) found th a t  g e rb i l  pups spen t le s s  
time in  th e  n e s t when th e  f a th e r  was p re se n t. I t  i s  p o ssib le  th a t  in  
my own experim ent, th e  m ultiparous mother had responded to  the  f a th e r 's  
presence by behaving towards th e  pups in  a  manner which encouraged 
t h e i r  d ep artu re  from the  n e s t .  This suggests th a t  i t  was the  more 
experienced mother which was s e n s it iv e  to  p a te rn a l presence. I t  i s  
a lso  p o ssib le  th a t  th e  o f fs p r in g 's  behaviour was a l te re d  by th e  presence 
of the f a th e r ,  and th a t  th i s  changed behaviour evoked a  d i f f e r e n t  response
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from the m ultiparous mother which, in  tu rn , caused developmental changes 
in  the o ffsp rin g . B arn e tt & Bum ( I 967) ,  Richards (1966a )  and 
Sherrod e t  a l .  (1974) have in d ica ted  th a t  handling e f fe c ts  on o ffsp rin g  
may be mediated by m aternal behaviour. I t  i s  im portant now to  consider 
whether p a te rn a l presence e f fe c ts  a re  mediated in  th e  same way.
3. Ihree-Way In te ra c tio n s
There were fou r s ig n if ic a n t  l i t t e r  s iz e  x m aternal experience x 
p a te rn a l presence (L x M x P) in te ra c t io n s .  These involved 's n i f f i n g ',  
'groom ing ', 'open f ie ld  p e rip h e ra l compartment am bulation ' and 'open 
f ie ld  in n e r compartment am bulation ' .  TWo combinations of f a c to rs  a re  
seen to  be p a r t ic u la r ly  im portan t. The 2 -Pr-F  combination re su lte d  
in  la rg e r  's n i f f in g ' and 'groom ing' means and a  sm alle r 'in n e r  
compartment am bulation ' mean, than the o th e r com binations. The 7-Mu-M 
combination re su lte d  in  sm alle r 's n i f f i n g ',  'groom ing' and 'in n e r  
compartment am bulation ' means than o th e r com binations. The 2-Pr-F  
pups spen t a  g re a te r  p roportion  of time s n if f in g  than the  7-Mu-M pups 
(F ig . 5»6a). S n iffin g  i s  the f i r s t  exp lo ra to ry  mode to  be ex h ib ited  
by the pups. I t  req u ires  le s s  e f f o r t  than h e a d - l if t in g  and re a rin g  
and, because of i t s  a s so c ia tio n  w ith  o lfa c to ry  s tim u li ,  can provide 
pups w ith  inform ation long befo re  th e i r  eyes open; around or ju s t  a f t e r  
day 12 (W illiams & S co tt 1953)» This should again  d i r e c t  our 
a t te n t io n  to  the  o lfa c to ry  in flu en ce  o f the  f a th e r  on the pups, which 
has a lread y  been d iscu ssed . I t  i s  of some s ig n if ic a n c e  th a t  the  
h ig h est sco ring  combination in  th is  a n a ly s is  i s  one w ith  the  f a th e r  
p re se n t. The sm all l i t t e r - s i z e  i s  ano ther a sp ec t of t h i s  high sco ring  
combination of f a c to r s .  I t  i s  p o ssib le  th a t  in  a l i t t e r  of two, a d u lt  
male odours a re  more n o ticeab le  to  the pups. A la rg e  l i t t e r  would be 
more l ik e ly  to  mask the f a th e r 's  scen t w ith  i t s  own. The f a c t  th a t
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the prim iparous mother i s  involved in  the high scoring  combination i s  
n o t unexpected and i s  probably linked  to  the 'proxim ity  to  f a th e r ' 
scores where i t  was seen th a t  Pr pups spen t a  la rg e r  p roportion  of time 
in  c lo se  proxim ity to  the f a th e r .  I f  th e  f a th e r 's  c lo se  presence 
evoked a s n if f in g  response in  pups due to  h is  odours, i t  would be 
p red ic ted  th a t  th e  P r pups would be observed s n if f in g  more than Mu ones. 
The combination of sm all l i t t e r - s i z e ,  a prim iparous mother and the 
presence of the fa th e r  caused pups to  spend the la r g e s t  proportion  of 
time s n if f in g , compared to  o th e r com binations. I t  i s  l ik e ly  th a t  the 
7-Mu-M combination re su lte d  in  the sm a lle s t mean value fo r  s n if f in g  
because i t  lacked a l l  th ree  of the components which have been asso c ia ted  
w ith high s n if f in g  sco res .
With grooming, i t  was once again  the  2-Pi^F o ffsp rin g  which obtained 
a s ig n if ic a n tly  la rg e r  mean score than the 7-Mu-M o ffsp rin g  (F ig . 5 .6 b ).
A sim ilar mechanism to that operating fo r  sn iff in g  may be a t  work, 
therefore. This would suppose that the primiparous mother's behaviour 
again mediated a paternal presence e f fe c t  and caused pups to groom more 
when the father was present. Large grooming scores have been considered 
to represent a particular emotional response (Robinson I 963) .  
A ltern atively , increased grooming may represent fa s te r  development of 
muscular control and co-ordination (Fentress I 978) .
When the open f ie ld  ' p e rip h e ra l compartment am bulation ' scores 
were analyzed, i t  was found th a t  the 2-Pr-M mean was s ig n if ic a n tly  
la rg e r  than the  2-Mu-M mean (F ig . 5 .6 c ) . The only v a r ia b le  component 
of these  two combinations i s  th a t  of m aternal experience and i t  may be 
th a t  the m aternal experience f a c to r  i s  m ediating the e f f e c t  o f the o th er 
two. I t  i s  p o ssib le  th a t  d iffe ren c es  in  the m other's  behaviour, due 
to  the amount of m aternal experience she had rece iv ed , were p e rc ep tib le
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to  th e  pups only when th e  m aternal s tim u li were n o t masked by s tim u li 
from the  f a th e r  and from a  la rg e  number o f l i t te rm a te s .
I.
The open f i e ld  'in n e r  compartment am bulation* mean f o r  7-P2>F 
was s ig n if ic a n t ly  la rg e r  than  th e  2 -P r-F , 2-Pr-M, 2-Mu-M, 7-Mu-F and 
7-Mu-M means (P ig . 5 .6 d ) . This i s  n o t only a  measure o f am bulation, 
in  common w ith  th e  l a s t  a n a ly s is ,  b u t i s  a lso  a  measure o f the  degree 
to  which the  mice were prepared to  leave th e  o u te r  w all o f the  ap p ara tu s. 
Inbred  lab o ra to ry  mice tend to  remain c lo se  to  th e  w all (F redericson  
1953) '  I t  i s  p o ssib le  th a t ,  once ag a in , th e  m other's  behaviour was 
m ediating the  l i t t e r - s i z e  and the p a te rn a l presence e f f e c ts .  I f  so , 
then th e  prim iparous m other's  d isp lay  o f m aternal behaviour when in  th e  
presence of both the f a th e r  and a  la rg e  l i t t e r ,  caused the o f fs p r in g 's  
h ig h er in n e r  compartment am bulation sco re . Reading ( 1966a) found 
th a t  BALB/c mice developed th e  c h a ra c te r is t ic s  o f t h e i r  f o s te r  mother 
reg a rd le ss  o f th e  f o s te r  m other's  s t r a in .  I t  would th e re fo re  be 
expected th a t  i f  th e  m other's  behaviour was a l te r e d  by th e  f a th e r 's  
presence and th e  l i t t e r  s iz e ,  then th e re  would be a  consequent change 
in  the o f fs p r in g 's  behaviour.
No a ttem pt w i l l  be made to  draw a  conclusion about th e  em otionality  
of th e  su b jec ts  from the  open f i e ld  r e s u l t s .  The comments made in  
Chapter 3 in d ic a te  th a t  g re a t  care  must be exercised  when in te rp re t in g  
rodent open f i e ld  r e s u l t s .  Whimbey & Denenberg ( I 967) m aintained 
th a t  both  am bulation and d efaeca tio n  scores should be considered when 
attem pting  to  draw conclusions from open f i e ld  perform ance. No 
s ig n if ic a n t  d iffe re n c es  between open f i e ld  d efaeca tio n  sco res were 
found f o r  the L x M x P r e s u l ts  in  my own experim ent.
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4 . General Discussion
L i t t e r - s i z e ,  m aternal experience and p a te rn a l presence a re  fa c to rs  
which a f fe c te d  c e r ta in  a sp ec ts  o f  mouse pup development during  th e  p re -  
weaning p eriod . L i t te r - s iz e  and p a te rn a l presence a re  o f i n t e r e s t  
because o f t h e i r  main e f fe c ts  on pup behaviour. M aternal experience 
i s  im portant because i t  i s  a  f a c to r  which in te ra c te d  w ith  l i t t e r - s i z e  
and p a te rn a l presence to  in flu en ce  pup behaviour. I t  i s  p o ssib le  th a t  
the  m aternal experience f a c to r  mediated some o f the  e f fe c ts  o f th e  
o th e r two f a c to r s .
The development o f the pups was m onitored w ith  l 6 dependent 
v a r ia b le s . Of th ese , 13 proved s u ita b le  fo r  d isc rim in a tin g  between 
d iffe re n c e s  in  pUp behaviour and development caused by th e  th ree  s o c ia l 
f a c to r s .  'D rinking w a te r ' proved u n su itab le  because th i s  a c t iv i ty  
was observed so in freq u e n tly . 'P roxim ity  to  the m other' and 'locom otion ' 
scores were n o t s ig n if ic a n tly  a f fe c te d  by the th ree  f a c to r s .
Of the  th ree  s o c ia l  fa c to rs  examined; l i t t e r - s i z e ,  m aternal 
experience and p a te rn a l presence; p a te rn a l presence emerged a s  a  very 
im portant and most in te re s t in g  in flu en ce  on pre-weaning mouse pup 
behaviour. General observations o f p a te rn a l behaviour, to g e th e r  w ith 
the r e s u l ts  d iscussed  in  th is  ch ap te r, prompted a  more d e ta ile d  study
o f p a te rn a l behaviour. Chapter 6 examines th is  n ex t research  stsige
1
in  more d e ta i l  and addresses the  question  of the  mechanisms through 
which the f a th e r  a f f e c ts  th e  behaviour o f developing mouse pups. A 
more d e ta ile d  d iscu ss io n  on the e f fe c ts  o f p a te rn a l presence i s  a lso  
provided in  Chapter 6 .
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5. Chapter Summary
1. L i t t e r - s i z e ,  m aternal experience and p a te rn a l presence a re  th ree  
fa c to rs  which a ffe c te d  mouse pup behavioural development.
2 . Pups in  sm all l i t t e r s  spen t a  la rg e r  p roportion  o f time in  c lo se  
proxim ity to  the fa th e r  and h e a d - l if t in g ;  spen t a  sm aller 
p roportion  of time suck ling  and obtained la rg e r  day 30 body weights 
than pups rea red  in  la rg e  l i t t e r s .
3 . Pups w ith  a prim iparous mother spen t a  la rg e r  p roportion  of time 
in  c lo se  proxim ity to  the  fa th e r  than pups w ith  a m ultiparous 
mother.
4 . Pups developing in  the presence o f the fa th e r  spen t a  la rg e r  
p roportion  of time h e a d - l i f t in g ,  re a rin g  and ea tin g  s o lid  food; 
obtained h igher defaeca tion  scores during open f i e ld  t e s t s  and 
obtained h igher day 30 body w eights than pups w ithout the f a th e r  
p re sen t.
5. Whereas l i t t e r - s i z e  and p a te rn a l presence were both w ell 
represen ted  in  the main e f f e c ts ,  m aternal experience i s  o f in te r e s t  
because of i t s  involvement in  two-way and three-way in te ra c t io n s .
6 . In te ra c tio n s  between the th re e  fa c to rs  were im portan t determ inants 
o f r e s u l ta n t  pup behaviour and development. Combinations which 
were of sp e c ia l in te r e s t  were :
( i )  the 2-Mu group which was a sso c ia ted  w ith  sm alle r 
•in nest* and "proximity to  li t te rm a te *  scores 
£ind la rg e r  'rea rin g *  scores than o th e r  groups.
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( i l )  the 2 -P r-F  group which was a sso c ia te d  w ith la rg e r  
•sn iffin g *  and 'grooming* scores and sm aller 
open f ie ld  'in n e r  compartment am bulation '  scores 
than o th e r  groups.
( i i i )  the 7-Mu-M group which was a s so c ia te d  w ith
sm alle r 's n i f f in g ' ,  'groom ing' and open f ie ld  
'in n e r  compartment am bulation ' sco res than o th e r 
groups.
7 . I t  i s  p o ssib le  th a t  th e  s m a l l - l i t t e r  s iz e  and fa th e r-p re se n t fa c to rs  
were resp o n sib le  fo r  a c c e le ra tin g  development in  mouse pups. In  
o rd er to  exp lain  these e f f e c ts ,  a t te n t io n  was given to  therm al, 
o lfa c to ry  and t a c t i l e  s tim u la tio n  mechanisms. The s m a l l - l i t t e r  
pups were more l ik e ly  to  be in fluenced  by p a ren ta l s tim u la tio n  
because they faced le s s  com petition fo r  the a t te n t io n  o f th e i r  
p a re n ts , than pups in  a  la rg e  l i t t e r .
8. The m aternal experience f a c to r  appeared to  e i th e r  m ediate some of 
the o th e r e f fe c ts  o r  to  a f f e c t  pup behaviour i t s e l f  through the  
m ediation o f some o f the o th e r f a c to r s .
9 . The ro le  of th e  fa th e r  appeared to  be more im portan t and more 
in te re s t in g  than o r ig in a lly  a n tic ip a te d . P a te rn a l experience may 
have in fluenced  the m aternal experience r e s u l t s .  In  a d d itio n  to  
the  ex tra  barrage o f s tim u li received  by pups in  th e  presence o f 
the  f a th e r ,  the  f a th e r  a lso  appeared to  f u l f i l  a  s tro n g  care tak in g  
ro le  which may have enriched o r  provided a  p a r t i a l  s u b s t i tu te  fo r  
the  m other's  care tak ing  behaviour.
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10. A fa th e r  may a f f e c t  pup behaviour and development, d i r e c t ly  o r 
through a  m aternal m ediation ro u te . The ro u te  o f p a te rn a l 
in flu en ce  i s  explored in  more depth in  Chapter 6 .
Chapter Six
THE FATHER’S INFLUENCE ON  DEVELOPING PUPS
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Chapter 6 .
THE FATHER'S INFLUENCE ON DEVELOPING PUPS
1. In tro d u c tio n
Work repo rted  in  Chapter 5 showed th a t  mouse pup development was 
a f fe c te d  by th e  presence o f the f a th e r .  The purpose of th i s  s tag e  
of the  p ro je c t  i s  to  examine more c a re fu lly  the care tak in g  ro le  o f the 
f a th e r  and to  in v e s tig a te  th e  ro u te  through which the  f a th e r  in flu en c es  
mouse pup development.
Work c a rr ie d  ou t œ  the  care tak in g  ro le  o f a d u lt  male rodents 
was reviewed in  Chapter 1 . A dult male rodents freq u en tly  d isp lay  
care tak in g  behaviour s im ila r  to  th a t  of the  fem ale, inc lud ing  
grooming, touching and re tr ie v in g  pups, and n e s t  co n s tru c tio n  
(Spencer-Booth 1970).
In  the  lab o ra to ry  mouse the  f a th e r  remains c lo se  to  the mother 
and the pups during the  pre-weaning p erio d  and consequently has th e  
p o te n tia l  to  a f f e c t  the  pups, e i th e r  d i r e c t ly  o r through the  m ediation 
o f changed m aternal behaviour (Mugford A Nowell 1972). These two 
ro u te s  o f in flu en ce  a re  shown in  F ig . 6 .a .
An example o f  the  d i r e c t  in flu en ce  ro u te  would be changed 
o ffsp rin g  behaviour caused by the  f a th e r  providing th e  pups w ith  t a c t i l e  
s tim u la tio n  by walking over them o r  by keeping the pups warm by 
remaining in  th e  n e s t  w ith them. The m aternal m ediation ro u te  could 
be exem plified by the  fa th e r  le ssen in g  th e  ca re tak in g  burden o f th e  
m other, w ith  th e  consequence th a t  th e  q u a li ty  o f h e r m aternal care
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Fig. 6 .a Two possible routes of paternal influence on developing pups.
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was improved and w ith  th i s  being re f le c te d  in  th e  o ffsp rin g  development.
Two experim ents were conducted to  provide in form ation  on p o ssib le  
mechanisms by which the  f a th e r  in flu en ces  pup behaviour. The f i r s t  
i s  c a lle d  th e  'S p l i t  L i t t e r  Experim ent' and th is  in v e s tig a te d  the  ro le  
and th e  e f f e c t  o f  th e  f a th e r  on th e  pups in  the  absence of th e  m other. 
The design  o f th i s  experim ent prevented a  m aternal m ediation o f the  
f a th e r 's  e f f e c t  on the  o ffsp rin g , w h ils t  s t i l l  p e rm ittin g  th e  f a th e r  
to  d i r e c t ly  in flu en ce  the pups. The second experiment c a lle d  the 
'S p l i t  Gage E xperim ent', sought to  e lu c id a te  th e  complex o f 
in te r - r e la t io n s h ip s  between the  f a th e r ,  the  mother and the  o ffsp rin g .
I t  c rea ted  a  s i tu a t io n  whereby the  pups could have access  to  the  f a th e r  
and to  the  m other, w ithout th e  two p aren ts  having access  to  each o th e r .
Together, th e  two experiments te s te d  th e  fo llow ing two hypotheses:
1 . The f a th e r  d i r e c t ly  in flu en ces  pup behaviour and development.
2 . The f a th e r  in flu en ces  pup behaviour and development through 
the  m ediation o f changes in  th e  m other's  behaviour.
2 . The S p l i t  L i t t e r  Experiment 
M ateria ls  and Methods
L i t t e r s ,  c o n s is tin g  o f n ine pups, were s p l i t  in to  th re e  equal 
s iz e  groups and each group was sub jec ted  f o r  p a r t  o f th e  day to  a  
p a r t ic u la r  p a re n ta l in flu e n c e . One group was placed w ith  th e  f a th e r ;  
an o th er group w ith  th e  mother; and th e  th i rd  group was housed a lo n e , 
w ithout access to  e i th e r  p a re n t. This was repeated  d a i ly  between 
days 10 and 29 in c lu s iv e . O ffspring  a c t i v i t i e s  were recorded d a i ly  
during th e  same period  of tim e. Open f i e ld  t e s t s  and body w eight
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measurements were conducted on day 30. Four r e p l ic a te s  were used 
fo r  th i s  experim ent.
The breeding  schedule described  in  Chapter 2 was used to  produce 
s u b je c ts . Housing o f su b jec ts  and working cond itions were a lso  
id e n tic a l  w ith  those o u tlin ed  in  Chapter 2 . M ultiparous paren ts  were 
used throughout in  o rd er to  in c rease  the p ro b a b ili ty  o f obtain ing  la rg e  
l i t t e r s .  Larger l i t t e r  s iz e s  have been obtained w ith  m ultiparous 
paren ts  than  w ith  prim iparous ones (C hapter 2 ) .
On day 2 the  l i t t e r s  were reduced in  s iz e ,  when n ecessary , so th a t
they contained ex ac tly  n ine pups. The m other, f a th e r  and n ine  pups
were then l e f t  undisturbed  u n t i l  day 9 when th e  f a th e r  was removed
and placed in  a  sep a ra te  cage. From th i s  p o in t onwards th e  f a th e r  
was never re tu rn ed  to  the  cage con ta in ing  th e  mother. Pups from each 
l i t t e r  were separa ted  in to  the  th re e  groups, f o r  th e  f i r s t  tim e, on 
day 10, Except f o r  balancing  ou t the  sexes o f the pups in  the  th re e  
groups, the  pups in  each l i t t e r  were randomly a llo c a te d  to  one o f the  
th ree  ca teg o rie s  and marked w ith  a  f u r  marker to  enable re c o g n itio n .
Red and b lue 'Agrimark' f u r  marker was obtained  from P f iz e r  L td ., 
Sandwich, Kent. From day 10 onwards th e  pups were su b jec ted  to  t h e i r  
p a r t ic u la r  trea tm en ts  f o r  a  c e r ta in  len g th  o f time during  th e  l i g h t  
phase of the day /n ig h t cycle .
Three d i f f e r e n t  'p a re n ta l  in flu en ce  '  environments e x is ted  in  the  
form of th re e  sep ara te  cages. Gage 1 contained th e  b io lo g ic a l  f a th e r  
o f th e  pups; cage 2 contained no p a re n ts ; and cage 3 was th e  o r ig in a l  
cage con ta in ing  th e  mother (F ig . 6 .b ) .  Pups were tra n s fe r re d  to  
t h e i r  ap p ro p ria te  cages wi-Ui th e  minimum o f d is tu rb an ce . Those pups 
which were to  remain w ith  the  mother were, n e v e r th e le ss , picked up.
9  P U P S
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3  t r a n s f e r r e d  
t o  ' f a t h e r '
3  t r a n s f e r r e d  
t o  ' n o - p a r e n t '
3  r e m a in  w i t h
m o t h e r  b u tc a g e c a g e a r e  h a n d l e d
Fig. 6.b Division of lifter into three trestment groups.
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removed, from th e  cage and replaced  in  o rder to  s im ulate  th e  trea tm en t 
received  Tjy the  o th e r  two groups w h ils t  being tra n s fe r re d  to  t h e i r  
re sp e c tiv e  cages.
Uie len g th  o f time f o r  which pups remained in  t h e i r  sep a ra te  
cages each day in creased  w ith  pup age and was determ ined by a  p i lo t  
experim ent where th e  condition  o f the pups was very c a re fu lly  m onitored. 
Although experiments have a lread y  been conducted where BALB/c mouse 
o ffsp rin g  have been separa ted  from t h e i r  mothers (LaBarba & Hodge 1970} 
LaBarba, Lutz & White I 968; Newell I 967) ,  i t  became necessary  to  
id e n tify  th e  time period  f o r  which pups could be sep ara ted  from th e i r  
mother w ithout causing them d i s t r e s s .  I t  was obviously necessary  to  
re tu rn  a l l  pups to  th e  mother each day so th a t  they could su ck le .
Food and w ater was made a v a ila b le  in  a l l  th re e  cages. Developing 
pups e a t  food p e l le t  crumbs, which have dropped in to  the  sawdust 
through a d u lt  feed in g , befo re  they feed  from the food co n ta in e r 
inco rporated  in  the  cage l i d .  In  o rder no t to  disadvantage pups in  
th e  "no parent* cage, a  food p e l le t  was crumbled and p a r t ic le s  placed 
in  th e  sawdust, in  a n tic ip a tio n  o f e a r ly  pup in g estio n  o f s o l id  food.
W ithout in cu rrin g  any apparen t pup d i s t r e s s ,  th e  s c a le  in  Table 
6 .a  was e s ta b lish e d  and used w ith  a l l  o f th e  l i t t e r s  in  th is  
experim ent.
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Table 6 .a Duration o f Treatment P eriod Each Day
Pup Age/Days S eparation  Period Each Day
10 4 hours
11 3 hours
12 6 hours
13 7 hours
14-29 8 hours
An a d d itio n a l purpose of the p i lo t  experiment was to  e s ta b lis h
how much co n tac t w ith the pups the  f a th e r  would req u ire  in  o rder to
m aintain h is  d isp lay  of care  tak ing  behaviour. I t  i s  conceivable 
th a t ,  were the fa th e r  to  lo se  h is  p a te rn a l s ta t e ,  a n ta g o n is tic  behaviour
could be e l i c i t e d  and d ire c te d  a g a in s t the pups. Work has been
conducted on the fa c to rs  responsib le  f o r  in fa n tic id a l  behaviour in  
a d u lt  roden t m ales. Elwood (1977. 1980) found th a t  naive g e rb il  
males (Meriones ungu icu la tus) caged w ith  non-pregnant females tre a te d  
t e s t  pups as a  source o f food y e t d isp layed  p a te rn a l behaviour when 
caged w ith  a  pregnent fem ale, Experienced m ales, however, never a te  
t e s t  pups. I t  i s  p o ss ib le , th e re fo re , th a t  the  g e rb il  fa th e rs  began 
to  d isp lay  p a te rn a l behaviour sometime before the f i r s t  p a r tu r i t io n  and, 
th a t  once in i t i a t e d ,  i t  was m aintained throughout the f a th e r 's  l i f e .
Rosenberg & Sherman (1975) found th a t  a d u lt  male r a t s  k i l l e d  pups, 
and th is  has a lso  been observed in  lab o ra to ry  mice (Gandleman 1972, 1973a; 
Gandleman & Vom Baal 1975). Elwood ( I 983) has reviewed the l i t e r a t u r e  on 
a d u lt  male rodent k i l l in g  of pups and in d ica ted  th a t  u su a lly  no k i l l in g  
of th e i r  own o ffsp rin g  occurred. This would suggest th a t  the fa th e rs  
could somehow d isc rim in a te  between th e i r  own o ffsp rin g  and o th e r pups.
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I t  has been suggested th a t  th e  presence o f a  pregnant female blocks 
the  tendency f o r  a d u lt  males to  k i l l  pups in  g e rb ils  (Elwood I 98O) and 
w ild house mice (Labov I 98O). In  my own S p l i t  L i t t e r  design , 
experienced males were used , b u t a f t e r  day n ine  they had no access to  
a d u lt  fem ales, pregnant o r o*üiervrise, and had only lim ite d  access to  pups..
Although f u l l  d e ta i l s  w il l  be provided l a t e r  on the behaviour 
d isp layed  by the f a th e r  and d ire c te d  towards the iwps, the  f a th e r  did 
n o t m anifest any a n ta g o n is tic  behaviour towards the pups. The lim ited  
pup exposure d id  n o t, th e re fo re , p reven t th e  maintenance o f p a te rn a l 
behaviour. Whether th e  same outcome would have re s u lte d  were the 
male to  have been le s s  experienced o r  n a iv e , i s  worthy o f co n s id e ra tio n .
Each day, a t  the c lo se  o f the  sep ara tio n  p e rio d , a l l  pups were 
re tu rn ed  to  the cage con ta in ing  t k  m other. The th re e  pups a lread y  
in  th is  cage were again  handled to  sim ulate  cage t r a n s f e r .  I t  was a t  
t h i s  s tag e  th a t  id e n t i f ic a t io n  marking was re in fo rc e d . P ig . 6 .c  shows 
the d o rsa l body p o s itio n s  used f o r  marking th e  th re e  c a teg o rie s  o f  
pups.
<‘ 'No^^rent
Pups
P ig . 6.C Dorsal Body P o sitio n s  Por Id e n t if ic a t io n  Marking Of 
Pups in  the S p l i t  L i t t e r  Experiment
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One pup from each category was se le c te d  to  be th e  fo c a l su b je c t 
pup fo r  observations and record ings of behaviour# A part from 
eq ualiz ing  th e  sexes throughout th e  th re e  ca teg o ries  in  the  fo u r 
r e p l ic a te  l i t t e r s ,  fo c a l  pups were chosen randomly. Each fo c a l pup 
received  a  b lue id e n t i f ic a t io n  mark, whereas the  o th e r  two pups in
each category received  a  red mark. % us i t  was p o ssib le  to
recognize which pups belonged to  each o f the th re e  ca teg o ries  and 
which pups were the fo c a l pups. This ensured th a t  each pup received  
th e  same trea tm en t each day and th a t  th e  same pups were used a s  su b jec ts  
fo r  observation  each day. The design o f th e  S p l i t  L i t t e r  experiment 
provided th e  opportun ity  to  compare th e  e f fe c ts  o f t k  pups • exposure to  
th ree  d i f f e r e n t  'p a re n ta l  in f lu e n c e ' environm ents, b u t ensured, 
n e v e r th e le ss , th a t  a l l  pups were in  s u f f ic ie n t  co n tac t w ith  th e  mother 
to  s a t i s f y  th e i r  p h y sio lo g ica l requirem ents. Any d iffe re n c e s  in  pup 
behaviour th a t  emerged under th e  th ree  trea tm en ts  must have re su lte d  
from d iffe re n c e s  in  the  behaviour of the  mother compared w ith  the
f a th e r 's ,  o r  e i th e r  compared w ith  no p a re n t.
D aily  Recording of Behaviour. One hour a f t e r  the  pups had been 
separa ted  in to  the  th re e  cages, observations were made o f t h e i r  
behaviour. A ll o f th i s  took p lace  during the l ig h t  phase o f the 
d ay /n igh t cy c le . I n i t i a l l y ,  during  a  p i l o t  in v e s tig a tio n , observations 
were made under red l ig h t  and made when the o ffsp rin g  were back 
to g e th e r in  the 'm other' cage. This p ra c tic e  o f record ing  when the 
o ffsp rin g  were to g e th e r was d iscontinued  when i t  became apparen t th a t  
any d iffe re n ce s  in  o ffsp rin g  behaviour, due to  th e  d i f f e r e n t  t r e a t ­
ments, were being masked by synchronized behaviour in  the l i t t e r .
This was p a r t ic u la r ly  n o ticeab le  when the o ffsp rin g  were younger. 
Another disadvantage o f record ing  the  o f fs p r in g s ' behaviour when they 
were a l l  back to g e th e r w ith the mother was th a t  the immediate e f f e c t
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o f th e  p a r t ic u la r  'p a re n ta l  in f lu e n c e ' treatm ent was n o t being 
recorded . By record ing  when the pups were in  the th re e  separa te  
cages, a d d itio n a l inform ation  was provided on the re la tio n sh ip s  between 
th e  o ffsp rin g  and the  p a re n ts . This meant th a t  the ro le s  o f the 
f a th e r  and the mo-üier could a ls o ,  to  some e x te n t, be compared.
Recording began on day 10 and continued d a ily  u n t i l  day 29* The 
ssune 12 a c t iv i t i e s  were recorded as those l i s t e d  f o r  the main 
experim ent in  Chapter 3 (Tcible 3*2). f a m il ia r i ty  had been gained w ith 
the observation  and record ing  o f these a c t i v i t i e s  and they were id e a lly  
su ite d  f o r  m onitoring o ffsp rin g  behaviour in  the S p l i t  L i t t e r  
experim ent. Suckling could only be measured, however, in  the 'mother* 
cage; and proxim ity to  the mother and proxim ity to  th e  f a th e r  could 
only be measured in  the 'm other' cage and th e  'f a t h e r '  cage re sp ec tiv e ly . 
O ffspring  were sub jec ted  to  th e i r  p a r t ic u la r  'p a re n ta l  in f lu e n c e ' 
exposures up to  day 29 in  o rd er to  in c rease  the lik e lih o o d  th a t  any 
trea tm en t e f fe c ts  would be m aintained up to  day 30» when open f ie ld  
te s t s  and body w eight measurements were conducted. In  comparison 
w ith the main experiment (C hapter 3) » d a ily  record ing  began a t  the  
same pup age bu t was continued f o r  fo u r ex tra  days. I n te r e s t  in  
a c t iv i ty  tren d s  p a s t day 25 prompted the  d ec is io n  to  continue 
record ing  r ig h t  up to  the day 30 t e s t s .
With th e  d a ily  reco rd ings, a l l  th re e  cages were observed 
sim ultaneously and an instan taneous sampling technique was used w ith  
a  time in te rv a l  of 10 seconds between sound s ig n a ls .  This technique 
was d iscussed  in  Chapter 2 . The behaviour of the pups, a t  th e  time 
o f the s ig n a l,  was recorded. The record ing  sessio n  was l6  m inutes 
40 seconds in  len g th  which rep re sen ts  100 s e ts  o f r e s u l t s .  The 
maximum score  f o r  any a c t iv i ty  was th e re fo re  100. In  common w ith
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the main experim ent, the means o f two successive days* r e s u l ts  were 
c a lc u la te d , p rov id ing  10 s e ts  of r e s u l ts  f o r  each pup, f o r  each 
a c t iv i t y .
Day 30 Measurements. On day 30, open f ie ld  t e s t s  were adm inistered 
on a l l  n ine  members o f each l i t t e r .  D e ta ils  o f the t e s t  procedure 
and apparatus were the  same a s  fo r  the main experiment ( Chapter 3 ) 
except th a t  a  longer period  o f time was used to  sample each s u b je c t 's  
behaviour, and a d d itio n a l a c t i v i t i e s  were recorded . The t e s t  
d u ra tio n  was e ig h t minutes and the follow ing a c t iv i t i e s  were recorded; 
Number o f p e rip h e ra l compartments en tered  
Number o f in n e r  compartments en tered  
Number o f tim es su b je c t rea red  up on hindlimbs 
Latency to  d efaecation  -  a  score o f one, two o r th re e  was g iven , 
r e fe r r in g  re sp e c tiv e ly  to  sh o rt (up to  I .5  m inutes), medium (from I .5  
to  3 .5  m inu tes), and long (above 3*5 m inutes) d u ra tio n .
Number o f fa e c a l b o li  produced by the su b je c t 
Latency to  u r in a tio n  -  scored in  th e  same way as  la ten cy  to  
defaeca tion
Number of tim es su b je c t u r in a te d
Rearing, la ten cy  to  u r in a tio n  and u r in a tio n  have been proposed fo r  
use as  r e l ia b le  open f ie ld  measures (Tachibana I 98O). Once ag a in , 
the open f ie ld  t e s t  was included a s  an easy to  ad m in iste r t e s t  a t  the 
conclusion o f th e  period  of development being s tu d ied . I t  was 
considered l ik e ly  th a t  some o f these  open f i e ld  measures would enable 
inform ation  to  be gained about behavioural d iffe re n c e s  in  the  o ffsp rin g , 
caused by the experim ental trea tm en ts . Body w eights o f a l l  o ffsp rin g  
were a lso  measured on day 30 .
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Data Treatment. The procedure adopted fo r  the main experiment was 
again  used w ith  the S p l i t  L i t t e r  d a ta . This procedure i s  described  in  
Chapter 3 where reasons a re  provided fo r  i t s  adoption . Data obtained 
from the d a ily  observations were transform ed (ARGSIN) and sub jec ted  to  
analyses o f variance and post-ANOVA ScheffS t e s t s .  Age was tre a te d  as a 
co v aria te  which re su lte d  in  a  one-way ANOVA w ith p a ren ta l in fluence  as 
the independent v a r ia b le . Pearson product moment c o r re la tio n  analyses 
were adm inistered between in d iv id u a l pup scores fo r  behaviours under 
each sep ara te  experim ental cond ition  and pup age. From the 12 a c t iv i t i e s  
measured, i t  was po ssib le  to  conduct n ine an a ly ses. The reduction  from 
12 to  nine was due to  the fo llow ing . Proxim ity to  the  mother was 
compared w ith  proxim ity to  the f a th e r .  Suckling was n o t sub jected  to  the  
an a ly s is  because th is  was only ap p licab le  w ith  the 'mother* cage.
Drinking was a lso  excluded on the grounds th a t  i t  was ex h ib ited  too 
in freq u en tly  to  make a meaningful comparison between the treatm ent 
groups. Analyses of variance were a lso  adm inistered to  the u n  transform ed 
l i t t e r  means of the day 3® d a ta .
R esults
During the time th a t  th e  o ffsp rin g  were in  the th re e  sep a ra te  
'p a re n ta l  in flu e n c e ' cages, an opportun ity  was provided to  examine 
the re la tio n sh ip  between each o f the two paren ts  and th e i r  re sp e c tiv e  
th ree  pups. In  a d d itio n  to  the o b jec tiv e  da ta  co llec ted  on the 
o ffsp rin g  behaviour during the  form al record ing  se ss io n s , more 
su b jec tiv e  observations were made o f the behaviour of the mother and, 
e sp e c ia lly , the f a th e r  in  response to  the  presence o f the pups. A 
d e sc rip tiv e  summary o f these observations i s  provided before the  
a n a ly s is  tab le s  and graphs a re  p re sen ted . The d e sc rip tio n  i s  s im ila r  
in  purpose to  th a t  provided by Homer & Thylor (I969) on p a te rn a l 
behaviour in  the r a t  ( Battus fu sc ip e s ) .
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Behaviour o f the  Ib,rents in  Reaction to  the Pups. During 
observation  se ss io n s , the mother d isp layed  the  normal range of 
care tak ing  behaviour; includ ing  n u rsin g , grooming, l ic k in g  and lay ing  
over the  young# The mothers were a lso  involved in  m ain tain ing  the 
n e s t a re a . This m aternal behaviour corresponded w ith  th a t  observed 
during  the  main experim ent.
The ca re tak in g  behaviour d isp layed  by the  f a th e r  exposed to  the 
pups w ithout the  presence o f the m other, however, was more n o ticeab le  
than th a t  observed before in  a  cage con ta in ing  the mother, f a th e r  and 
pups. This i s  in  common w ith  Hatton & M eyer's (1973) observation  
th a t  when the mother was removed from a  l i t t e r  of cactus mice 
( Peromyscus erem icus), the amount o f p a te rn a l care tak ing  behaviour 
g re a tly  in creased . Waring & Perper (1979) found a  s im ila r  e f f e c t  
in  g e rb i ls .  I t  has a lso  been found th a t  when a d u lt  male lab o ra to ry  
mice were housed in  communal n e s ts ,  i t  was the v irg in  females which 
tended to  care fo r  the  pups; b u t when the  males were housed alone 
w ith  the pups, they then d isp layed  care tak in g  behaviour (Gandelman, 
Pashke, Zarrow & Denenberg 1970; Down I 98O). I t  was suggested th a t  
the male care tak in g  behaviour was in h ib ite d  in  the presence o f a d u lt  
fem ales.
The follow ing observations were made on the  ro le  o f the  fa th e r ;
1 . The fa th e r  was involved in  n e s t  co n s tru c tio n  by c re a tin g  
depressions in  the  sawdust fo r  the pups and by c o lle c tin g  wood shaving? 
to  the  n e s t a re a . This behaviour was ex h ib ited  to  a  l e s s e r  degree in  
the pups* absence, b u t was markedly in te n s if ie d  in  th e i r  presence.
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2 . The f a th e r  walked on and over the  pups rep ea ted ly . This source 
o f ta c tile !  s tim u la tio n  was continued, sometimes fo r  long periods o f 
tim e, and was more than merely the  random movements o f the  f a th e r  
around the  cage. The f a th e r  g ra v ita te d  towards the pups and 
focussed h is  a t te n t io n  on th a t  corner o f the cage.
3# The f a th e r  s a t  on the pups fo r  long periods and freq u en tly  began 
d isp lay in g  th is  behaviour as  soon as the pups were p laced  in  h is  cage.
4 . The f a th e r  la y  over the pups in  a manner c h a ra c te r is t ic  o f  the 
mother during  nursing  ep isodes. During th i s  behaviour, i t  was u su a l 
f o r  the  pups to  make the  high frequency sounds which a re  norm ally 
a sso c ia ted  w ith  n ip p le  seeking . I t  i s  l ik e ly  th a t  th ese  aud ib le  
s ig n a ls  were a lso  accompanied by u ltraso u n d s as  w ill  be d iscussed  
below. W hilst th e  pups were under the f a th e r  during  the  time he 
was adopting the 'nursing* p o s itio n , they tun n e lled  around as i f  
a ttem pting  to  lo c a te  n ip p le s .
5* During th e  tim es the o ffsp rin g  were in  th e i r  n e s ts  th e re  was more 
co n tac t between the f a th e r  and h is  pups than between the mother and 
h e r pups. This was n o t only n o tic e ab le  w ith  casual o b se rv a tio n s , bu t 
was a lso  r e f le c te d  in  the o b jec tiv e  'p roxim ity  to  parent*  sco res  
(Tàble 6 .3  and P ig . 6 .3 ) .
6 . The fa th e r  lick ed  th e  pups. This behaviour i s  norm ally 
a sso c ia ted  w ith  m aternal behaviour, bu t was w ell rep resen ted  in  the 
fa th e r  under th ese  circum stances.
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7* When the pups were ou t o f  the n e s t  and moving around the cage, 
th e re  was considerab le  co n tac t between the fa th e r  and the  pups. The 
in i t i a t io n  o f the co n tac t came mainly from the  f a th e r  and th i s  u su a lly  
took the form o f a  s e r ie s  o f touches w ith  one forepaw a s  he moved 
around the  cage.
8 . When n o t in  co n tac t w ith  th e  pups, the fa th e r  was u su a lly  very 
c lo se  to  them. The pups appeared to  c o n s ti tu te  an e f fe c tiv e  stim ulus 
to  the  f a th e r ,  causing him to  focus h is  a t te n t io n  on them fo r  a  la rg e  
p roportion  o f the  tim e. Most o f tie  f a th e r 's  behaviour appeared to  
revolve around th e  ex istence  o f the  pups. For example, when s e l f -  
grooming, the  fa th e r  would o fte n  perform th is  a c t iv i ty  in  the n e s t  
w ith  the pups.
9» Very l i t t l e  pup r e t r i e v a l  was observed w ith  e i th e r  the mother 
o r the f a th e r ,  bu t some r e t r i e v a l  was performed by the f a th e r .  The 
amount o f pup r e t r i e v a l  by the  fa th e r  was n o t exceeded by th a t  o f  the 
m other. Whenever the  f a th e r  c a r r ie d  pups, th is  behaviour always 
re su lte d  in  pups being re tu rned  to  the n e s t  a re a .
10. Those pups remaining w ith  th e  mother spen t a  la rg e  p roportion  of 
time suck ling ; an a c t iv i ty  no t p o ssib le  in  the  o th e r two 'p a re n ta l  
in f lu e n c e ' cages. Over the record ing  periods and ac ro ss  the fo u r 
l i t t e r s ,  the mean percentage o f time spen t suck ling  was 24.25 + 6.43 
(S .E .M .). This considerab le  period  o f time rep re sen ts  a  la rg e  suck ling  
d ep riv a tio n  fo r  the pups in  the  'f a t h e r ' and the 'no p a re n t ' cages.
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Thbles and G ra t is .  Summary ta b le s  f o r  a l l  the  analyses a re  
now p resen ted . Thble 6 .A provides a  summary o f a l l  the age an a ly ses.
I t  shows s ig n if ic a n t  age e f fe c ts  fo r  the m easures, as  revealed  by the 
a n a ly s is  o f covariance. These a re  g eneral age e f f e c ts ,  across  a l l  th ree  
experim ental trea tm en ts , f o r  each behavioural a c t iv i ty .  In  ad d itio n  to  
t h i s ,  Thble 6 . A shows, w ith Pearson product moment c o rre la tio n  an a ly ses, 
how the age e f fe c ts  a re  d is tr ib u te d  between the d i f f e r e n t  trea tm en ts . 
Thbles 6 .1  to  6 .17 summarize the r e s u l ts  of the analyses o f variance . 
These show the sources o f v arian ce , the mean squares (MS), the degrees 
of freedom (d f)  and the F r a t io s .  The p ro b a b ility  le v e ls  a re  given when 
th ere  a re  s ig n if ic a n t  e f f e c ts .  The r e s u l ts  of the Scheffe t e s t s  a re  
g iven , where a p p lic a b le . Any two means n o t underlined  by the same l in e  
a re  s ig n if ic a n t ly  d i f f e r e n t .  Any two means underlined  by the same l in e  
a re  no t s ig n if ic a n tly  d i f f e r e n t  (Duncan 1955). ( ih b le s  6 .1  to  6 .9  a re  
based on transform ed d a ta . In  these  ta b le s ,  backtransformed means, 
expressed a s  percen tages, a re  provided in  p a ren th eses .)  Even when 
th e re  i s  a  s ig n if ic a n t  e f f e c t  w ith  an a c t iv i ty  which has only two le v e ls  
o f the 'p a re n ta l  in f lu e n c e '  v a r ia b le , the Scheffê t e s t  i s  s t i l l  
adm inistered  fo r  reasons o f consistency of procedure.
For the d a ily  reco rd ings, graphs a re  provided o f the mean 
percentage of instantaneous scans of pups performing each a c t iv i ty ,  
p lo tte d  a g a in s t pup age (F ig s . 6 .1  to  6 .9 ) .  ^ c h  number on the  'pup 
age* a x is  r e fe r s  to  the f i r s t  day o f  the  p a i r  o f days from which each 
r e s u l t  had been ob tained . For example, '18* re fe r s  to  the o v e ra ll 
score obtained by averaging the two scores from days 18 and 19. 
Histograms o f the  day 30 r e s u l ts  a re  a lso  provided (F ig s . 6 .10  to  
6 .1 7 ) . I t  should be noted th a t  F ig. numbers correspond to  Tkble 
numbers. For example. F ig . 6 .1  i s  based on the same a c t iv i ty  d a ta  as 
Thble 6 .1 . The th re e  treatm ents a re  rep resen ted  by the symbols
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% b le  6 .A Age Analyses For S p l i t  L i t t e r  Treatment E ffec ts
Values f o r  F, d f , and P a re  shown f o r  th e  Covariate analyses
Values f o r  r  ( c o rre la tio n  c o e f f ic ie n t)  and P ( ts o - ta i le d )  a re  shown 
f o r  the  Pearson C o rre la tio n  analyses
MEASURE & Covariate values TRSATMfNTS & 
F
C o rre la tio n  values 
NP M
IN NEST r - 0.818 - 0.812 - 0.706
5^208.598 d f * l , l l 6 P<O.OCXL P <0.001 <0.001 < 0.001
PRD m iTÏ TO LITTEEMATB r - 0.620 - 0.754 - 0.363
P=97.W f d f « l , l l 6 P<0.001 P <0.001 < 0.001 < 0.05
PROXIMITY TO PARENT r 0.002 -0 .084
P-0.021 d f* l,7 7  NS P NS NS
LOCCMOTOR BEHAVIOUR r 0.014 0.132 - 0.077
P-0.393 d f « l , l l 6 NS P NS NS NS
SNIFFING r 0.195 0.285 0.332
P»2.222 d f « l , l l 6 P<0.01 P NS NS <0.05
HEAD-LIFTING r 0.165 0.334 - 0.017
F=4.726 d f « l , l l 6 P<0.05 P NS <0.05 NS
REARING r 0.244 0.276 0.264
P-11.701 d f » l , l l 6 P=0.001 P NS NS NS
GROmiNG r 0.251 0.158 0.263
F-4.73^ d f - l , l l 6 P<0.05 P NS NS NS
EATING SOLID FOOD r 0.753 0.786 0.459
P-132.889 d f -1,116  PcO.OOl P < 0.001 < 0.001 < 0.01
F t f a th e r
NP I no p a ren t
M t mother
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•F*, W  and "M"; which r e f e r  re sp e c tiv e ly  to  the 'fa th e r*  in flu en ce , 
the 'no p a re n t ' in flu en ce  and the  'm other' influence* A ll graphs a re  
based on untransform ed d a ta .
The ta b le s  and graphs a re  preceded by a  summary o f a l l  of the 
r e s u l t s ,  and a re  followed by a summary ta b le  (Thble 6 .b ) showing the 
s ig n if ic a n t  d iffe ren ces  between the  scores obtained from the th ree  
trea tm en t groups. These d iffe ren ces  a re  then considered in  more 
d e ta i l  in  th e  d iscu ss io n  sec tio n  which fo llow s.
Summary of R esu lts . Of the  1? analyses c a rr ie d  o u t, 7 involved 
s ig n if ic a n t  d iffe re n c e s . (The numbers accompanying the  behaviour 
headings, below, match the Thble and F ig . numbers.)
1. In  N est. There was no s ig n if ic a n t  d iffe ren c e  between the 
scores obtained from the th ree  treatm en t groups (Thble 6 . l ) .  The 
a n a ly s is  o f covariance revealed  a  s ig n if ic a n t  age e f fe c t  ( P < 0 . 00l )  
and the c o rre la tio n  analyses showed a  s ig n if ic a n t  negative  c o rre la tio n  
between th is  a c t iv i ty  and age fo r  a l l  treatm en t conditions (Tkble 6 .A ). 
The p a tte rn  o f change over the recording  period was s im ila r  f o r  a l l  
th ree  groups of pups (F ig . 6 .1 ) .
2 . Proxim ity to  L itte rm a te . There was no s ig n if ic a n t  d iffe re n c e  
between the  scores obtained from the th re e  d i f f e r e n t  groups ( ih b le  6 .2) .  
The a n a ly s is  o f covariance revealed  a  s ig n if ic a n t  age e f f e c t  (P ^  O.OOl) 
and the c o r re la tio n  analyses showed a  s ig n if ic a n t  negative  c o r re la tio n  
between th is  a c t iv i ty  and age f o r  a l l  trea tm en t cond itions (Thble 6 .A). 
Once again  the  p a tte rn  o f change over the record ing  period  was 
s im ila r  f o r  a l l  treatm ent groups (F ig . 6 .2 ) .
3 . Proxim ity to  P aren t. The F pups had a  s ig n if ic a n t ly  g re a te r
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o v e ra ll mean score than the  M pups (% h le  6*3)# The a n a ly s is  of 
covariance and the  c o r re la tio n  analyses showed th a t  no s ig n if ic a n t  
trend  w ith age was apparen t fo r  th is  a c t iv i ty  ( ih h le  6 .A), The 
p a tte rn  o f change over the record ing  period was s im ila r  fo r  the 
two groups (F ig . 6 .3 ) .
4 . Locomotor Behaviour. The F pups had a  s ig n if ic a n tly  g re a te r  
o v e ra ll mean score than the M pups (T&hle 6 .4 ) * The a n a ly s is  of 
covariance and the c o rre la tio n  analyses showed th a t  no s ig n if ic a n t  
trend  w ith age was apparen t f o r  th is  a c t iv i ty  (Tbhle 6 .A ).
5. S n iff in g . The ANOVA in d ica ted  th a t  th e re  was a s ig n if ic a n t  
(Itfference between the  treatm ent sc o re s , b u t the Scheffe t e s t  r e s u l t  
d id  n o t show th is  d iffe ren ce  (Thble 6 .5 ) .  A comparison o f the mean 
scores showed th a t  the F pups had the la rg e s t  mean and the  NP pups 
had the sm a lle s t. The a n a ly s is  o f covariance revealed  a  s ig n if ic a n t  
age e f f e c t  (P<O .O l) and the c o rre la tio n  analyses showed th a t  th e re  
was a  s ig n if ic a n t  p o s itiv e  c o r re la tio n  between the M scores and
age fo r  th is  a c t iv i ty  only ( ih b le  6 .A). F ig . 6 .5  shows th a t  the 
d isp lay  o f s n if f in g  in  the F pups was p a r t ic u la r ly  pronounced between 
days 18/19 and 24/25# These high scores a re  l ik e ly  to  have been 
p rim arily  responsib le  fo r  the absence o f a  s ig n if ic a n t  c o r re la tio n  
w ith  age in  the F sc o re s . Since th is  period coincides w ith  th e  
time when the 'proxim ity  to  f a th e r ' sco res were a lso  high (F ig . 6 . 3 ) ,  
the s n if f in g  may w ell have been e l ic i te d  by the f a th e r 's  presence and 
odours.
6 . H ead-L ifting . Both the F pups and the NP pups had a  
s ig n if ic a n tly  g re a te r  mean score than the M pups ( ih b le  6 .6 ) .  The 
a n a ly s is  o f covariance revealed a s ig n if ic a n t  age e f f e c t  (P < 0 .0 5 )  
and the c o rre la tio n  analyses showed th a t  th e re  was a  p o s itiv e  
c o r re la tio n  between the  NP scores and age fo r  th is  a c t iv i ty  only
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(Thble 6 . a ) .  No immediate r a t io n a l  exp lanation , fo r  a  s ig n if ic a n t  
c o r re la tio n  under one condition  on ly , i s  apparen t.
7 . Rearing. There was no s ig n if ic a n t  d iffe re n ce  between the 
scores obtained from the  th ree  groups fo r  th is  a c t iv i ty  (Table 6 .? ) .  
Although the a n a ly s is  o f covariance revealed  a s ig n if ic a n t  age e f fe c t  
(P = O.OOl), the c o rre la tio n  analyses showed th a t  th e re  was no 
s ig n if ic a n t  c o rre la tio n  between any o f the sep ara te  trea tm en t scores 
and age (Table 6 .A).
8. Grooming. There was no s ig n if ic a n t  d iffe ren ce  between 
the scores obtained from the th ree  groups (Thble 6 .8 ) .  Again the  
a n a ly s is  o f covariance revealed  a  s ig n if ic a n t  age e f f e c t  ( P < 0 . 05) ,  
b u t the c o rre la tio n  analyses showed th a t  th e re  was no s ig n if ic a n t  
c o rre la tio n  between any o f the th ree  sep ara te  treatm ent sco res
and age ( ih b le  6 .A).
9 . Eating S o lid  Food. There was a s ig n if ic a n t  d iffe re n c e  
between the trea tm en t sco res according to  the ANOVA, although the 
Scheffe t e s t  d id  n o t show th is  d iffe ren ce  ( ih b le  6 .9 ) .  A comparison 
of the  mean scores showed th a t  the NP pups had the la r g e s t  mean and 
the M pups had the sm a lle s t. The a n a ly s is  o f covariance revealed
a  s ig n if ic a n t  age e f fe c t  (P<O.OOl) and the c o rre la tio n  analyses 
showed th a t  fo r  a l l  treatm ent conditions there  was a  s ig n if ic a n t  
p o s itiv e  c o rre la tio n  between th is  a c t iv i ty  and age (T&ble 6 .A).
There was no s ig n if ic a n t  d iffe re n c e  between the sco res obtained 
from the  th re e  treatm ent groups in :
10. Open F ie ld , P e rip h e ra l Compartment Ambulation,
11 . Open F ie ld . In n er Compartment Ambulation,
12 . Open F ie ld , Rearing and
13 . Open F ie ld , Latency to  D efaecation.
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14. O p e n  F i e l d .  D efaecation . The F pups had a  s ig n if ic a n tly  
g re a te r  mean score than the M pups (Thhle 6 .1 4 ) .
There was no s ig n if ic a n t  d iffe re n c e  between the scores obtained
from the  th re e  trea tm en t groups in :
16. Open F ie ld . Latency to  U rination  and
16 . Open F ie ld , U rin a tio n .
17. Body W e i^ t .  The M pups had a  s ig n if ic a n tly  g re a te r  mean
score than the NP pups (Thble 6.17)*
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Thble 6 .1  A nalysis o f Variance of 'I n  Nest* Scores
SOURCE OF VARIANCE d f MS F P
MAIN EFFECT 
R ire n ta l In fluence 2 0.040 0.533 NS
RESIDUAL 116 0.075
A nalysis o f  Variance o f 'P roxim ity  To L itte rm a te ' Scores
SOURCE OF VARIANCE d f MS F P
MAIN EFFECT 
Ib .ren ta l In fluence 2 0.092 1.892  NS
RESIDUAL 116 0.049
A nalysis o f Variance of 'P roxim ity to  Ib .ren t'  Scores 
w ith Scheffë Test R esults
SOURCE OF VARIANCE d f MS F P
MAIN EFFECT 
P aren ta l In fluence 1 0.791 4.471  < 0.05
RESIDUAL 77 0.177
P aren ta l In fluence  t 
Means i
M
0.554
F
0.753
(27.68) (46.76)
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^  father
^  no parent
100
.c
I
pup age in days
"i mother100^
BO-
Qj
*= UO’ 
5
pup age in days
Fig. 6.1 Mean percentage of instantaneous scans of pup in nest.
Standard errors are indicated.
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r  father
f  no parent
I
2 0 '
10 12 % 16 18 20 22 2U 26 28
pup age in days
A mother100 ^ # — #
8 0 '
pup age in days
Fig.6.2 Mean percentage of instantaneous scans of pup with litterm ate.
Standard errors are indicated.
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father
mother
100 ^
60 •
pup age in days
Fig. 6.3 Mean percentage df instantaneous sampling scans of pup with parent
Standard errors are indicated
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%ble 6 .4  Analysis o f Variance o f 'Locomotor Behaviour* Scores
with Scheffe Test Results
SOURCE OF VARIANCE d f MS F P
MAIN EFFECT 
P a ren ta l In fluence 2 0.106 4.395 < 0.05
RESIDUAL 116 0.024
P aren ta l In fluence  t 
Means t
M
0.249
NP
0.271
F
0.347
( 6 .07) ( 7 .17) (11 . 56)
Thble 6 .5 A nalysis o f Variance of 'S n iffin g *  Scores 
w ith  Scheffe Test R esults
SOURCE OF VARIANCE d f MS F P
MAIN EFFECT 
P a ren ta l In fluence 2 0.056 3.140 < 0.05
RESIDUAL 116 0.018
Ib ,ren tal In fluence  s 
Means :
NP
0.079
M
0.104
F
0.153
(0 .62) (1 .08 ) ( 2 .32)
Ihb le  6 ,6 A nalysis o f Variance o f 'H ead-L ifting* Scores 
w ith  Scheffe T est R esults
SOURCE OF VARIANCE d f MS F P
MAIN EFFECT 
P a ren ta l In fluence 2 0.044 6.162 < 0 .0 1
RESIDUAL 116 0.007
P aren ta l In fluence  t 
Means i
M
0.023
F
0.075
NP
0.085
( 0 . 05) ( 0 .56) ( 0 . 72)
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^ father
J  no parent
•i
dj
• Q
I
/ \
pup age in days
1  mother
1
.1
pup age in days
Fig. 6.U Mean percen tage of instantaneous scans of pup exhibiting locomotor
behaviour standard errors are indicated.
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father
^  no parent
/ ».
15'
Ic:10
CD
.6
26
pu p  age in d a ys
*i mother
20-
15-
Fig. 6 .5  Mean percen tage  of instantaneous scans of pup sniffing.
Standard errors are indicated.
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^  father
f  no parent
I
cuG
pup age in days
1 mother
pup age in days
Fig. 6.6 Mean percentage of instantaneous scans of pup head-lifting.
Standard errors are indicated.
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% ble  6 .7  A nalysis o f Variance o f 'Rearing* Scores,
SOURCE OF VARIANCE d f MS
MAIN EFFECT
B aren tal In flu en ce  2 0.015 1»358 NS
RESIDUAL 116 0.011
T lE L b le  6 .8  A nalysis o f Variance o f "Grooming* Scores
SOURCE OF VARIANCE d f MS
MAIN EFFECT
P aren ta l In fluence  2 0.023 0.654 NS
RESIDUAL 116 0.036
Ifetble 6 .9  A nalysis o f Variance o f 'E a tin g  S o lid  Food' Scores 
w ith  Scheffe T est R esults
SOURCE OF VARIANCE d f MS F P
MAIN EFFECT 
I^ re n ta l  In fluence 2 0.245 3.063 - 0.05
RESIDUAL 116 0.080
Ih .ren tal Influence* 
Means t
M
0.188
F
O.3O8
HP
0.335
( 3 .49) ( 9 .19) ( 10 . 81)
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father
y no parent251
gcmQj
pup age in days
"i mother
2Ô
pup age in days
Fig. 6.7 Mean percentage of instantaneous scans of pup rearing
Standard errors are indicated.
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^ father
f  no paren t50^
30'
I
§ 20 '
Qj
I
^ 10 '
pup age in days
1 mother
30'
pup age in days
Fig. 6.6 Mean percentage of instantaneous scans of pup grooming.
Standard errors are indicated.
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J  no parent100
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g
pup age in days
"i mother
tD
I
6
pup age in days
Fig. 6 .9  Mean percentage of instantaneous scans o f pup eating solid food.
Standard errors are in d ica ted .
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% ble 6 .10  A nalysis of Variance o f Open F ie ld  'P e rip h e ra l 
Compartment* Ambulation Scores_________________
SOURCE OF VARIANCE df MS F P
MAIN EFFECT 
P a re n ta l In fluence 2 2480.08 1.22 NS
RESIDUAL 9 2026.28
A nalysis o f Variance o f Open F ie ld  'In n e r  Compartment ' 
Ambulation Scores
SOURCE OF VARIANCE df MS F P
MAIN EFFECT 
P aren ta l In fluence 2 306.25 0.35 NS
RESIDUAL 9 869.97
Thhle 6.12 A nalysis of Variance o f Open F ie ld  'Rearing* Scores
SOURCE OF VARIANCE df MS F P
MAIN EFFECT 
P a ren ta l In fluence 2 286.58 0.91 NS
RESIDUAL 9 311.97
A nalysis of Variance o f Open F ie ld  'Latency to  
Defaecation* Scores
SOURCE OF VARIANCE d f MS F P
MAIN EFFECT 
P a ren ta l In fluence 2 0.33 2.98 NS
RESIDUAL 9 0.11
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200'
100 '
Father Mother
Parents
80'
60-
20-
Father No
Parents
Mother
Fig. 6.10 Mean scores for open field 
peripheral compartment ambulation. 
Standard errors are indicated.
Fig. 6.11 Mean scores for open field 
inner compartment ambulation. 
Standard errors are indicated.
80-^
60-
MotherFather
Parents
u(/)
Qj5
Father+ No +  Mother 
Parents
Fig. 6.12 Mean scores for open field 
rearing.
Standard errors are indicated.
Fig. 6.13 Mean scores for open field
latency to  defaecation.
Standard errors are indicated.
+  Standard error = 0
207
% ble  6 . l4  A nalysis of Variance of Open F ie ld  ’Defaecation* Scores
SOURCE OF VARIANCE d f MS F P
MAIN EFFECT
P aren ta l In fluence 2 6.08 5.76 < 0.05
RESIDUAL 9 1.06
P aren ta l In flu en ce: M NP F
Means: 4 4.25 6.25
A nalysis o f Variance of Open F ie ld •Latency to
U rination  Scores
SOURCE OF VARIANCE d f MS F P
MAIN EFFECT
P are n ta l In fluence 2 0.58 3.48 NS
RESIDUAL 9 0.17
Ikb le  6.16  A nalysis of Variance of Open F ie ld  *Urinatiorf Scores
SOURCE OF VARIANCE d f MS
MAIN EFFECT
P a re n ta l In fluence  2 0.08 O.99 NS
RESIDUAL 9 0.08
T&ble 6 .17  A nalysis o f Variance o f Body Weight Data w ith  
Scheffê Test R esults
SOURCE OF VARIANCE d f  MS
MAIN EFFECT
P are n ta l In flu en ce  2 6.621 4 .87  < 0 .0 5
RESIDUAL________________ 9 1.360_______________________
P aren ta l In fluence: NP F M
Means: 8.89  1 0 .8 8 _______ 11.29 iK
* measurements in  grams
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Father MotherNo
Parents
Qj
bu
«0
I
Mother +Father No
Parents
Fig.ô.U Mean scores for open field 
defaecation.
Standard errors are indicated.
Fig. 6.15 Mean scores for open field 
latency to  urination.
Standard errors are indicated.
cu
b
y
I
Mother +Father No
Parents
2(h
-CJ
MotherFather
Parents
Fig.616 Mean scores for open field
urination.
Standard errors are indicated.
Fig. 6.17 Mean body weights [in grams].
Standard errors are indicated.
+  Standard error = 0
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'fable 6 .b
Summary o f S ig n if ic a n t D ifferences in  the R esults 
 ________ From the S p l i t  L i t t e r  Experiment_________
MEASURE SIGHT FI GANT DIFFERENCE ANOVA P VALUE
Proxim ity to  
P aren t M F < 0 .0 5
Locomotion M F < 0.05
S n iff in g NP F < 0.05
H ead-Lifting M F < 0.01
M NP < 0.01
Eating Solid  
Food M NP < 0.05
Open F ie ld  
D efaecation M F < 0.05
Body Weight NP M < 0.05
•F*, *NP* and r e f e r  re sp e c tiv e ly  to  the  'fa th e r*  in flu en c e , 
the  'no p a re n t ' in flu e n c e , and the 'm other' in flu en c e .
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Discussion
The d i f f e r e n t  'p a re n ta l  in flu en ce  '  treatm ents caused s ig n if ic a n t  
d iffe re n c e s  in  seven measures o f pup behaviour and development. Five 
o f th ese  measures involved the  f a th e r  (Table 6 .b ) .
The F a th e r 's  Role. O ffspring  spen t more time in  c lo se  proxim ity 
to  the f a th e r  than to  the mother (% b le  6 .3  and P ig . 6 .3 ) .  As in d ica ted  
in  th e  e a r ly  p a r t  o f th e  r e s u l t s ,  th i s  was p r in c ip a lly  caused by the 
f a th e r 's  e x h ib itio n  of ca re tak ing  behaviour, r a th e r  than hy the pups 
seeking to  have co n tac t w ith  th e  f a th e r .  With only one excep tion , 
on days 22/ 23» th i s  e f f e c t  continued over the  e n t ire  record ing  p erio d .
I t  i s  p o ssib le  th a t  the f a th e r  expressed more i n t e r e s t  than the  mother 
in  the  pups because they rep resen ted  a  more novel stim ulus to  him.
Whereas the mother was always exposed to  pups, the f a th e r  was exposed 
to  pups f o r  no more than e ig h t hours each day. N oiro t (1964a, I 965) 
found th a t  th e  tendency to  perform some m aternal responses was reduced 
by th e i r  performance in  lab o ra to ry  mice. I t  i s  a ls o  p o ssib le  th a t ,  w ith 
a  la rg e  l i t t e r  s iz e  o f n ine pups, the mother was showing evidence o f 
f a t ig u e .  Ihe no tion  of m aternal fa tig u e  w ith  la rg e  l i t t e r s  was 
suggested by S e itz  ( I 958) who found th a t  m aternal behaviour in  the  
r a t  v a ried  in v e rse ly  w ith  th e  number o f o ffsp rin g  in  the  l i t t e r .  IVo 
suggestions were made concerning th i s  m aternal fa tig u e  theory . One 
was th a t  a  d ec lin e  in  m aternal behaviour in  la rg e  l i t t e r s  served to  
p ro te c t th e  mother from excessive f a t ig u e , and th e  o th e r  was th a t  
f a tig u e  induced in  th e  mothers o f la rg e  l i t t e r s  served to  a c t iv a te  
a  stepw ise reduction  o f m aternal behaviour as  the  fa t ig u e  le v e l  ro se .
211
Casual observations revealed  th a t  th e  f a th e r  paid  c lo se  a t te n tio n  
to  th e  pups fiuid exh ib ited  s im ila r  care tak ing  behaviour to  th a t  exh ib ited  
hy th e  m other. P r ie s tn a l l  & Young (1978) repo rted  th a t  th e  lab o ra to ry  
mouse f a th e r  d isp layed  a s  much care tak ing  behaviour a s  th e  m other. I t  
i s  l ik e ly  th a t  some c h a ra c te r is t ic  o f th e  o ffsp rin g  tr ig g e re d  th is  
p a te rn a l response in  the same way th a t  m aternal behaviour i s  re le a se d . 
Laboratory mice em it u ltra s o n ic  c a l ls  and these  vary w ith  th e  age of 
the  pups (N oiro t I 966) .  These c a l l s  a re  im portant f o r  e l i c i t in g  
r e t r i e v a l  and n e s t  b u ild in g  in  a d u l ts .  I t  i s  l ik e ly  th a t  when the 
mouse pups were tra n s fe rre d  to  the  'fa th e r*  cage th e i r  body tem peratures 
dropped and th a t  t h i s  prompted the production o f u ltraso u n d s (Ok<xi 1970a ) .  
I t  i s  a ls o  p o ss ib le  th a t  the  handling o f  the pups during  th e i r  t r a n s f e r  
to  th e  th ree  d i f f e r e n t  cages caused the pups to  produce u ltraso u n d s 
which e l i c i t e d  p a re n ta l ca re . B e ll e t  a l .  ( I9 7 l)  s tu d ied  th is  
phenomenon in  deermice (Peromyscus m aniculatus b a i r d i ) and found th a t  
mice handled during  th e i r  pre-weaning period  em itted u l tra s o n ic  sounds 
w ith h ig h er mean peak frequencies  and w ith  lo n g er mean d u ra tio n s  than 
unhandled c o n tro ls . Although i t  was suggested th a t  th ese  s ig n a ls  
served to  e l i c i t  increased  m aternal behaviour, i t  i s  conceivable th a t  
they  could a lso  re le a se  a  s im ila r  e f f e c t  in  th e  male.
I f  u ltraso u n d s em itted  by the  o ffsp rin g  were resp o n sib le  f o r  the 
ca re tak in g  response o f the  f a th e r ,  i t  i s  more l ik e ly  th a t  they were 
caused by a  reduction  o f body tem perature than "by t a c t i l e  s tim u la tio n . 
N oiro t ( 1972b ) ,  in  a  review o f roden t u ltraso u n d s and p a te rn a l behaviour, 
pu t forward the  idea  th a t  roden t pups in  d is t r e s s  em it two d i f f e r e n t  
types of u ltra so u n d s. One, caused by a  response to  co ld , was seen 
to  a t t r a c t  the a d u lt  to  the  pup. The o th e r , caused "by t a c t i l e  
s tim u la tio n , e ffec ted  a  w ithdrawal o f th e  p aren t from the  pup. I t  
was suggested th a t  the  form er type o f u l tra s o n ic  s ig n a l would in c re a se
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a s  the pups in creased  in  age and as  homoiothermy developed, whereas 
the l a t t e r  would show a  d ec lin e  a f t e r  th e  f i r s t  few days. I t  should 
he remembered th a t  in  my own experim ent, pups were n o t tra n s fe rre d  to  
the  'fa th e r*  cage u n t i l  day 10. Okon (I9?0b) fu r th e r  claimed th a t  
u ltra so u n d s , induced in  a lb in o  mouse pups by t a c t i l e  s tim u la tio n , 
showed a  sharp  drop in  in te n s i ty  around day 6; fo u r days befo re  my own 
observations began.
In  the S p l i t  L i t t e r  experim ent, the f a th e r 's  c lo se  proxim ity to  
(F ig . 6 .3 ) ,  and in te r e s t  in ,  th e  pups continued u n t i l  day 29, when the 
d a ily  observations were d iscon tinued . Gold-induced u ltrasound  
production may have been resp o n sib le  f o r  the  e a r l i e r  d isp lay  of 
care tak ing  behaviour b u t i t  i s  l ik e ly  th a t  d i f f e r e n t  mechanisms were 
resp o n sib le  f o r  i t s  m aintenance. Okon (1970a) found th a t  th ese  u l t r a ­
sonic s ig n a ls  went in to  a  d ec lin e  from day l4  onwards and th a t  th e re  
was complete c e s s a t iœ  a f t e r  day 20. Whereas th e  maintenance of 
care tak ing  behaviour may depend upon the suck ling  stim ulus o f the 
o ffsp rin g  in  fem ales (P o rte r  & Doane 1978), a  d i f f e r e n t  mechanism must 
be proposed f o r  a d u lt  m ales. N oiro t ( 1969a ,c )  found th a t  both au d ito ry  
and o lfa c to ry  s tim u la tio n  from mouse pups primed d i f f e r e n t  m aternal 
responses and th a t  a  nursing  p o s itio n  was adopted more re a d ily  in  a d u lts  
p rev iously  exposed to  e i th e r  type o f s tim u la tio n . Naive anim als 
only became f u l ly  m aternal when they had become fa m ilia r  w ith  th e  odour 
of th e  pup (N oiro t 1972a). Harper ( 1971) suggested th a t  the  appearance 
and behaviour o f the  young could f a c i l i t a t e  ca re tak ing  by 's e n s itiz in g *  
a d u l ts .  A s e n s it iz e d  animal would be more l ik e ly  to  respond to  
o ffsp rin g  w ith  care tak in g  behaviour. Reisbick e t  a l .  ( 1975) 
s e n s itiz e d  v irg in  fe m a le  r a t s  by exposing them to  pups. R osenblatt 
( 1967) repo rted  th a t  male r a t s  would crouch over pups and l ic k  pups
provided th ere  had been a  long enough p rev ious exposure to  pups. Rat 
males which ignored pups on a  f i r s t  encounter developed p a re n ta l
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behaviour a f t e r  continuous exposure to  the  pups (W iesner & Sheard 
1933) .  The s e n s it iz in g  process in  a d u lts ,  due to  exposure to  pups, 
does no t seem to  depend on endocrinal changes. Leblond (19^0) found 
th a t  in  male and female mice, even a f t e r  e lim inating  gonad hormones 
by c a s tra t io n  and hypophysectomy, caretak ing  behaviour could be evoked 
by exposing them to  pups. The conclusion was drawn th a t  nervous 
mechanisms were mainly resp o n sib le  fo r  the in i t i a t io n  and maintenance 
o f care tak ing  behaviour. Lisk e t  a l .  ( I 969) ,  however, found th a t  
in troducing  progesterone to  a d u lt  male mice increased  th e i r  tendency 
to  b u ild  n e s ts .  This suggests th a t  some p a ren ta l a c t i v i t i e s  a re  
in fluenced  by endocrinal mechanisms. Elwood ( 1979a )  concluded th a t  the 
causal fa c to rs  fo r  p a te rn a l behaviour in  g e rb ils  were the same as those 
resp o n sib le  fo r  m aternal behaviour. I t  would appear th a t  the S p l i t  
L i t t e r  fa th e rs  had been s e n s itiz e d  by th e i r  previous exposure to  the 
o ffsp rin g  and th a t  continued exposure throughout the  experim ental 
period  was s u f f ic ie n t  f o r  the maintenance of th e i r  d isp lay  o f care­
tak ing  behaviour. I t  i s  l ik e ly  th a t  the f a th e r  was a b le  to  perceive 
the pups* u ltra so u n d s, odours and general behaviour. V isual, ta c tu a l  
and g u s ta to ry  sensory rou tes  may w ell have been used a lso  (Beach &
Jaynes 1956b; Chantrey & Jenkins I 982) .
Body W eights. When day 30 body w eight measurements were taken , the 
M pups had a s ig n if ic a n tly  h ig h er mean body mass than the NP pups 
( la b le  6.17  and F ig. 6 .1 7 ). During th e  sep ara tio n  period fo r  the pups 
each day, only the M pups would be ab le  to  suck le . Since they were doing 
th i s ,  on average, fo r  n early  25 p er cen t of the  t o t a l  observation  tim e, i t  
would be su rp ris in g  i f  th is  d iffe re n c e  in  opportunity  to  suckle was n o t 
re f le c te d  in  the  body weights o f th e  mice. Temporary suck ling  
dep riv a tio n  in  the NP pups may a lso  have been resp o n sib le  fo r  the 
s ig n if ic a n tly  h igher incidence of ea tin g  s o lid  food in  the NP group 
compared to  the M group (fab le  6 . 9 ) .  I t  may be th a t  from day 24
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(F ig . 6 .9 ) ,  suck ling  and ea tin g  s o lid  food were in terchangeable  means of 
feed in g , enabling a pups deprived o f one to  make more use of the o th e r. 
A pparently, the NP pups* in creased  ea tin g  o f so lid  food was no t 
s u f f ic ie n t  to  compensate fo r  e a r l i e r  decreased suck ling ; hence th e i r  
lower body masses.
The F pups were a lso  deprived of suckling  o p p o rtu n itie s  during 
th e i r  sess io n s  w ith the  fa th e r ;  and i t  would be expected th a t  th is  
d ep riv a tio n  would be r e f le c te d  in  sm aller body masses compared to  the 
M pups, y e t th ere  was no s ig n if ic a n t  d iffe ren ce  between th e i r  mean 
body mass and th a t  of the M pups ( fa b le  6 .17 and F ig . 6 . I 7 ) .  F u rth er, 
the F pups d id  n o t show s ig n if ic a n t ly  in f la te d  *eating s o lid  food* 
scores in  comparison w ith th e  M pups ( fa b le  6 . 9 ) .  P la u t & Davis (1972) 
deprived r a t  pups o f the opportunity  to  suckle from day 13 onwards.
Of those pups which had access to  n o n -la c ta tin g  paren ts  th e re  was le s s  
than a  20 per cen t m o rta lity  r a te  compared to  an 80 per cen t m o rta lity  
r a te  fo r  those housed w ithout an a d u lt .  A fa c to r  o th er than the 
n u t r i t iv e  one must be sought and th e  explanation  could possib ly  
involve therm al mechanisms. Both F and M pups were ab le  to  b e n e f it  
from the therm al in su la tio n  provided by p a re n ta l c o n tac t. The NP pups, 
consequently , would lo se  more body h ea t than each o f the o th e r two 
groups. This would mean th a t  in  the NP pups, once homoiothermy had 
developed, a  la rg e r  proportion  of the  ingested  food would be d ire c te d  
towards body tem perature maintenance and away from the growth of body 
t is s u e s  than in  the  o th e r groups. Okon (1970a) in d ic a ted  th a t  rodent 
pups develop homoiothermy during the f i r s t  I 9 days of th e i r  l i f e ,  bu t 
th a t  by day 15 they have developed homoiothermy a t  around 22°G 
(lab o ra to ry  tem perature fo r  th is  experim ent). Ghew & Spencer ( I 967) 
noted th a t  rodent pups experience an e levated  m etabolic r a te  when 
exposed to  low environmental tem peratures. I t  has been claimed th a t  
the major co n trib u tio n  of the f a th e r  in  G a lifo m ia  mice
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(Peromyscus c a l i f o m ie u s ) (Dudley 19?4a) and g e rb ils  (Elwood & Broom 
1978) i s  a  therm al one. Dudley (1974a) found th a t  when the mother 
was removed fo r  12 hours each day, pups developed a t  a  f a s t e r  r a te  i f  
th e  f a th e r  was caged w ith  them. The f a th e r  a lso  played an im portant 
therm al ro le  in  my own experiment where he was involved in  both n e s t 
b u ild in g  and remaining in  co n tac t w ith th e  pups in  the n e s t;  two 
a c t i v i t i e s  l ik e ly  to  minimize tem perature lo s s .
O ther O ffspring  A c tiv i t ie s  A ffected by D iffe rin g  P aren ta l 
In flu en ce . Pups in  the  F group ex h ib ited  a  s ig n if ic a n t ly  g re a te r  
amount o f locomotor behaviour than -Üie M group pups (Table 6 .4  and 
F ig . 6 .4 ) .  S ince locomotor behaviour was u n affec ted  by the presence 
o f the  f a th e r  in  th e  main experim ent, i t s  appearance in  the S p l i t  
L i t t e r  experiment i s  l ik e ly  to  be a sso c ia ted  w ith th e  f a c t  th a t  th e  
pups were p resen t w ith  the  f a th e r  in  the  absence o f th e  mother.
Increased  locomotor behaviour in  the F pups may have been p a r t ly  due 
to  increased  pup movement w h ils t  a ttem pting  to  lo c a te  n ip p les  on the 
f a th e r ,  e sp e c ia lly  in  the ea rly  p a r t  o f the record ing  p erio d . This 
would no t provide an exp lanation , however, f o r  e lev ated  locomotor sco res 
fo r  the F pups throughout th e  e n t i re  record ing  period  (F ig . 6 .4 ) .  
Schapiro & Salas ( 197O) found th a t  2 to  12 day old in fa n t  r a ts  
ex h ib ited  decreased a c t iv i ty  le v e ls  when exposed to  m aternal odour.
The m aternal odour was more e f fe c tiv e  in  in h ib it in g  the  a c t iv i ty  o f 
o ld e r pups than o f younger pups. I t  i s  p o ssib le  th a t  in  the S p l i t  
L i t t e r  experim ent, pups p re se n t w ith the mother showed a  decreased 
a c t iv i ty  le v e l through th is  o lfa c to ry  mechanism.
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The F pups obtained  high s n if f in g  and h e a d - l i f t in g  sco res when 
compared to  the o th e r  groups ( "fables 6 . 3  and 6 . 6 ,  and F igs, 6 . 3  and 
6 .6 ) .  For s n if f in g ,  th e  F mean was s ig n if ic a n tly  g re a te r  than the  
NP means; and f o r  h e a d - l i f t in g ,  the F mean was s ig n if ic a n t ly  g re a te r  
than the  M mean. D ifferences in  these  exp lo ra to ry  a c t i v i t i e s  a re  q u ite  
c o n s is te n t w ith  the  r e s u l ts  obtained from th e  main experim ent; where 
in creased  h e a d - l i f t in g  and re a rin g  were a sso c ia ted  w ith  th e  f a th e r 's  
presence (Chapter 3);  and may have been caused by the  pups' responses 
to  odours produced by the f a th e r .
For h e a d - l i f t in g ,  the  M mean was n o t only s ig n if ic a n t ly  sm aller 
than th e  F mean, b u t was a ls o  s ig n if ic a n t ly  sm aller than th e  NP mean. 
Decreased h e a d - l if t in g  sco res f o r  th e  M pups may aigain re p re se n t 
in h ib it io n s  caused by m aternal odour o r may, in s te a d , r e f l e c t  an absence 
o f m other^seeking behaviour. S ince the  mother i s  needed to  s a t i s f y  
th e  suck ling  need, i t  i s  p o ss ib le  th a t  increased  h e a d - l i f t in g  was an 
in v e s tig a tiv e  a c t iv i ty  prompted by the absence o f th e  m other.
A comparison of the  open f i e ld  d efaeca tio n  measures revealed  th a t  
the F mean was s ig n if ic a n t ly  g re a te r  than  th e  M mean (Table 6 .14  and 
Fig 6 .1 4 ) . This fin d in g  agrees w ith the  main experim ent r e s u l t  th a t  
pups ra ise d  in  th e  presence o f the  f a th e r  obtained a  s ig n if ic a n t ly  
g re a te r  mean defaeca tion  score than pups ra ise d  in  th e  f a th e r 's  absence 
(C hapter 3)» I t  may be th a t  a  ih y s io lo g ic a l o r  behavioural change 
was e ffe c te d  in  the  pups exposed to  the f a th e r  during th e i r  development 
and th a t  t h i s  change was r e f le c te d  in  th e  open f ie ld  d efaeca tio n  sc o re s .
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Conclusions
The th re e  d i f f e r e n t  trea tm en ts  in  the  S p l i t  L i t t e r  experiment 
had d i f f e r e n t  e f fe c ts  on mouse pups' developmental behaviour.
Housing th e  o ffsp rin g  f o r  periods o f time w ith th e  f a th e r  only , revealed  
the s tro n g  ca re tak in g  ro le  of th e  f a th e r ,  and th e  re la tio n s h ip  e x is tin g  
between m aternally  deprived pups and th e  f a th e r .
In  the main experim ent, p a te rn a l presence caused a  number o f 
changes in  the  o f fs p r in g 's  behaviour and development which a re  c o n s is te n t 
w ith  the  r e s u l ts  o f  th e  S p l i t  L i t t e r  experim ent; e sp e c ia lly  those 
involv ing  exp lo ra to ry  behaviour, open f i e ld  d efaeca tio n  and body w eight. 
In  the  main experiment i t  appeared th a t  development was a cc e le ra te d  in  
th e  presence o f th e  f a th e r ,  bu t th e  experim ental design did  n o t allow  
the  ro u te  o f p a te rn a l in flu en ce  to  be e s ta b lish e d . Two ro u te s  were 
proposed; tiie d i r e c t  rou te  and th e  m aternal m ediation ro u te . The 
S p l i t  L i t t e r  experim ent has dem onstrated th a t  the lab o ra to ry  mouse 
fa th e rs  were d i r e c t ly  in flu en c in g  the  behavioural development o f th e  
o ffsp rin g . Mouse pups, exposed to  the  f a th e r ,  in  th e  absence o f the  
mother experienced a  c lo se  re la t io n s h ip  w ith th e  f a th e r .  Pups exposed 
to  th e  f a th e r  produced s ig n if ic a n t ly  la rg e r  mean values f o r  'p roxim ity  
to  p a re n t ' ,  'lo co m o tio n ', 's n i f f i n g ',  'r e a r in g ' and 'open f ie ld  
d e fa e c a tio n ' m easures. F u rth er, th e re  was no expected s ig n if ic a n t  
depression  of F pups' body w eights, compared to  the  M pups. Now 
th a t  the  d i r e c t  in flu en ce  ro u te  has been su b s ta n tia te d , i t  remains 
to  in v e s tig a te  th e  p o s s ib i l i ty  o f the  ex is ten ce  o f th e  m aternal 
m ediation ro u te . The purpose o f the  S p l i t  Gage experim ent i s  to  
provide inform ation  on th is  p o s s ib i l i ty .
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3* The S p l i t  Gage Experiment
The S p l i t  Gage experiment in v e s tig a te d  the  p a te rn a l in flu en ce  
on the  pups by both th e  d i r e c t  and the  m aternal m ediation ro u te .
The purpose of the  experim ent, however, was to  e s ta b lis h  whether m aternal 
m ediation r e a l ly  occurred.
I t  would be expected th a t  i f  the  presence o f  th e  f a th e r  was 
a f fe c tin g  o ffsp rin g  behaviour and development through a  m aternal 
m ediation e f f e c t ,  the  m other's  behaviour would a lso  be changed due to  
the presence of the f a th e r .  In  o rder to  a s c e r ta in  whether any such 
change in  m aternal behaviour does take p lace , observations were made o f 
both the  o f fs p r in g 's  and the p a re n ts ' behaviour during th e  pre-weaning 
period  o f mouse pups.
M ateria ls  and Methods.
G entral to  th e  design o f th e  S p l i t  Gage experiment i s  the  a c tu a l  
cage. With th is  cage th ree  d i f f e r e n t  experim ental co n d itio n s, 
concerning the  f a th e r ,  were p o ss ib le . The th re e  cond itions were as  
fo llow s:
1 . The f a th e r  was housed w ith  th e  mother and developing pups, where 
he could in flu en ce  the pups e i th e r  d i r e c t ly  o r through th e  m ediation 
o f changed m aternal behaviour.
2 . The f a th e r  was housed in  a  d i f f e r e n t  cage compartment from the  
mother, thus preventing  p h y sica l co n tac t between the  two paren ts  bu t 
allow ing the pups, once m obile, to  have access to  e i th e r  p a re n t.
This s i tu a t io n  enabled the f a th e r  to  d i r e c t ly  in flu en ce  th e  pups, b u t
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prevented o r lim ited  h is  o p p o rtu n itie s  to  a f f e c t  m aternal behaviour.
Under th ese  circum stances, i f  th e  mother was to  be in fluenced  by the  
f a th e r ,  th e  n a tu re  o f the in flu en ce  would have to  be au d ito ry  o r o lfac to ry ,
3 . The f a th e r  was to t a l ly  removed so th a t  no type o f p a te rn a l in fluence 
could a f f e c t  th e  developmental behaviour o f th e  o ffsp rin g . The re s u l ts  
from th is  cond ition  provided a  s tandard  w ith  which to  compare the 
r e s u l t s  obtained from cond itions 1 and 2.
I f  the  f a th e r  was a f fe c t in g  th e  pups through only a  d i r e c t  ro u te , 
the behaviour and development o f  th e  pups from cond itions 1 and 2 would 
be expected to  be s im ila r ;  s in ce  th e  pups had access to  th e  f a th e r  in  
both co n d itio n s . I f ,  however, only a  m aternal m ediation e f fe c t  was 
o p era tin g , the  r e s u l t s  from cond ition  1 would be expected to  be d if f e r e n t  
to  those in  the o th e r two co n d itio n s . I f  the mothers* behaviour 
was s im ila r  in  cond itions 1 and 2 t  "but d i f f e r e n t  from cond ition  3» i t  
would suggest th a t  th e  fa th e r  was in flu en c in g  th e  mother through 
au d ito ry  and o lfa c to ry  means.
The S p l i t  Gage. The design and dimensions o f th e  cage a re  shown 
in  F ig . 6 .d . The cage u n i t  described  below i s  the end r e s u l t  o f  a  
long s e r ie s  o f  exp lo ra to ry  t r i a l s  in to  th e  s u i t a b i l i ty  o f d i f f e r e n t  
cage d esig n s . In  o rder to  ca rry  ou t th i s  work, fo u r  id e n t ic a l  cages 
were made. No commercially produced cage was adequate to  meet th e  
requirem ents o f th i s  experim ent. The p r in c ip a l  fe a tu re  o f  the  cage 
i s  the  aluminium *pup f i l t e r *  d iv id e r . Aluminium proved to  be a  
s a tis fa c to ry  m a te r ia l because the  mice were unable to  en large th e  pup 
f i l t e r  h o le s . Gnawing o f ho les occurred in  e a r l i e r  hardboard d iv id e rs .  
Pups up to  the  age o f 30 days can crawl through the f i l t e r  ho les b u t 
a d u lts  a re  unable to  do so . The s iz e  and shape o f the f i l t e r  ho les
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Fig.6.d The Split Cage.
221
were determ ined Ijy t r i a l  and e r ro r .  I  found th a t  a  s l i ^ t l y  la rg e r  
hole would n o t p reven t a d u lt  movement through th e  f i l t e r ,  and a  s l ig h tly  
sm alle r one was too sm all to  allow  o ld e r pups to  move through. Many 
unsuccessfu l a ttem pts  to  id e n tify  the  a p p ro p ria te  hole s iz e  were made 
befo re  these  su ccess fu l dimensions were a rr iv e d  a t .  The p o s itio n  of 
th is  d iv id e r  c re a te s  two compartments. The mother compartment i s  on 
the r ig h t  hand s id e  and i t  i s  here th a t  the  mother always s ta y s . On 
the l e f t  hand s id e  i s  the  f a th e r  compartment and when the  f a th e r  i s  
p laced here both  paren ts  were u n lik e ly  to  see each o th e r o r  to  have 
p hysica l co n tac t w ith each o th e r . ( I  considered th a t  random ization 
o f p o s itio n  o f the  compartments was unnecessary s ince  being on the 
l e f t  or r ig h t  s id e  p er se would n o t be e:q>ected to  a f f e c t  the su b jec ts  
b eh av io u r.) As soon as  the pups were a b le  to  leave th e  n e s t in  the  
mother compartment, they could have access to  the  f a th e r  compartment 
through the  pup f i l t e r  h o le s . F igs. 6 .e  to  6 . j  show some views o f 
the S p l i t  Gage ap p ara tu s.
The back and s id e  w a lls , and the f lo o r  of the cage, were made o f 
wood • The f lo o r  of the  cage was l in e d  w ith a  p iece of pain ted  hard­
board to  p reven t m oisture soaking in to  th e  wood. The e n tire  f ro n t  of 
the cage co n sis ted  o f perspex to  enable t o t a l  v isu a l access  to  the  
occupants. The l i d  o f the cage a lso  made i t  p o ss ib le  to  see the  
i n t e r io r .  Both th e  f a th e r  compartment and the  mother compartment 
had th e i r  own food and w ater d ispensers  made o f s ta in le s s  s te e l .  Since 
these  d ispensers  were made o f p a r a l le l  w ire b a rs , they provided adequate 
v e n ti la t io n  fo r  the cages. The r e s t  o f  th e  l i d  was composed o f 
perspex. Pood and w ater were provided ad lib itu m . As described  in  
Chapter 2 , "Production Mouse Diet* n u ts  were used f o r  food. Softwood 
sawdust was added to  the cages to  a  depth o f 23 mm, w ith wood shavings to  
serve as  n e s tin g  m a te r ia l. Environmental cond itions were id e n t ic a l
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Fig. 6 .e  The S p l i t  Gage (empty)
F ig. 6 . f  The S p l i t  Cage (w ith su b jec ts )
223
Fig. 6 .g The S p l i t  Gage, showing the r ig h t  hand compartment
Fig. 6 .h  The S p l i t  Gage, showing the l e f t  hand compartment
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S
Fig. 6 . i  The S p l i t  Gage, w ith pup moving through pup f i l t e r  hole
F ig. 6 . j  The S p l i t  Gage, w ith pup emerging from pup f i l t e r  hole
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to those described in  Chapter 2.
The cage proved to ta l ly  adequate fo r  the  experim ent, and the design 
i s  s u ita b le  fo r  fu tu re  re sea rch . I t  has , however, a  number of 
c h a ra c te r is t ic s  which a re  worth n o tin g .
Only when the pups a re  mobile a re  they ab le  to  gain  access to  
the  f a th e r  compartment. This means th a t  f o r  the f i r s t  few days o f l i f e  
the pups w il l  be sub jec ted  only to  the  in flu en ce  o f the  p a re n t(s )  in  
the mother compartment. According to  Williams & S co tt (1933)# mouse 
pups begin to  leave the  n e s t  a rea  around day 8.
The S p l i t  Cage allow s f o r  behavioural record ings to  be made w ith 
the minimum o f d istu rb an ce  to  the  su b je c ts . With the  S p l i t  L i t t e r  
experim ent, the  pups were handled twice d a ily  in  o rder to  t r a n s f e r  
them to  th e i r  ap p ro p ria te  cages. By c o n tra s t ,  once l i t t e r  s iz e s  and 
p a ren ta l composition were determ ined soon a f t e r  the  l i t t e r  was bom , 
no fu r th e r  handling of the  anim als was req u ired  w ith the S p l i t  Cage 
experim ent.
The cage design enables record ings to  be made o f the  behaviour 
o f both the  paren ts  and the o ffsp rin g . The la rg e  perspex f ro n t  to  the 
cage provides ex cep tio n ally  good v isu a l access to  th e  cage co n ten ts .
Experimental Procedure. A to t a l  of 12 l i t t e r s  and th e i r  paren ts  
were used, which provided fo u r r e p l ic a te s  f o r  each experim ental 
conditicHi. In  o rder to  keep m aternal experience co n s tan t in  th is  
experim ent, a l l  mothers used were m ultiparous. A ll of the p a ir s  o f 
paren ts  used had been to g e th e r s in ce  th e i r  o r ig in a l  m ating. As soon 
as  the female of a  breeding p a i r  became n o ticeab ly  pregnan t, both  the
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mother and the  f a th e r  were placed in to  the mother compartment of one 
of the  cages. As soon a s  the l i t t e r  was horn , the f a th e r 's  p o s itio n  
was determ ined, according to  which o f the th re e  trea tm en t cond itions 
was a p p lic a b le , The f a th e r  was e i th e r  re ta in e d  in  the  r ig h t  hand 
compartment w ith  th e  mother and l i t t e r  (F fll); moved through to  the 
l e f t  hand compartment (FLE)j o r  removed com pletely so th a t  th e re  was 
no f a th e r  in flu en ce  a t  a l l  (NOF) . In  the  conditions where the f a th e r  
was re ta in e d , a  sp o t of dark b lue f u r  marker was p laced  on the back 
o f h is  neck in  o rder to  a id  id e n t i f ic a t io n  during th e  observation  
se ss io n s . Where necessary , the l i t t e r  s iz e  was reduced to  seven on 
day 2 , in  o rder to  keep the l i t t e r  s iz e  constan t throughout the 
experim ent and id e n t ic a l  to  the  l i t t e r  s iz e  used in  the main 
experim ent. Hie removal o f pups on day 2 does n o t appear to  a f f e c t  
the  normal p a ren ta l behaviour (C hapter 2 ) .
Day 10 marked the onset of th e  record ing  period  in  both th e  main 
experiment and the S p l i t  L i t t e r  experim ent. The d ec is io n  to  delay  
u n t i l  day 10 (C hapter 2) was made because o f the d i f f i c u l t i e s  
encountered in  observing th e  behaviour of a  s in g le  fo c a l su b jec t pup 
a t  an e a r l i e r  age . At a  very young age, su b je c t pups a re  obscured 
fo r  a  la rg e  proportion  of time by th e i r  paren ts  and l i t te rm a te s .  
Changed circum stances in  the S p l i t  Cage experim ent, however, prompted 
an e a r l i e r  beginning to  the  record ing  p e rio d . The S p l i t  Cage 
experiment rep re sen ts  the  f i r s t  d e lib e ra te  attem pt in  t h i s  study to  
q u a n ti ta t iv e ly  measure the p a re n ts ' behaviour auid no s p e c if ic  problems 
a re  encountered in  measuring p a re n ta l behaviour a t  an ea rly  pup age. 
F u rth e r, the  focus o f a t te n t io n  during the  observation  sess io n s  was 
n o t a  s in g le  fo c a l pup, b u t in s te a d , the whole l i t t e r .  By the time 
th i s  experiment was ready to  be conducted, I  had become much more 
f a m ilia r  w ith th e  behaviour of young pups and could determ ine more
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e f fe c t iv e ly  ex ac tly  what a c t iv i ty  they were engaged in  during  any 
s in g le  scan . C h a ra c te r is tic  postu res a re  adopted f o r  p a r t ic u la r  
a c t i v i t i e s  which can quickly  he id e n t i f ie d ,  Drewett e t  a l .  (197^) 
re fe r re d  to  the way th a t  suck ling  can quickly  he recognized by the 
postu re  of the  pup, which f o r  most of the  suckling  episode l i e s  very 
s t i l l .  I  decided , in  view o f these  changed circum stances, to  record 
both  the  parents* and the  o f fs p r in g 's  behaviour frcsa day 3»
Recordings were then continued on a  d a ily  b a s is  u n t i l  day 30» s im ila r  
to  the S p l i t  L i t t e r  experim ent.
D aily Recordings. A ll record ings were c a rr ie d  out under red 
l i g h t ,  towards the end o f the  n ig h t 0 iase  o f the d ay /n ig h t cycle ; as  
described  in  Chapter 2, An in stan taneous sampling technique was used 
which was s im ila r  to  th a t  adopted f o r  th e  main experim ent, b u t where a 
10 second time in te rv a l ,  as  opposed to  5 seconds, sep ara ted  successive? 
au d ib le  s ig n a ls .  Hie behavioural s ta te  o f the  anim als a t  th e  time 
o f the  s ig n a l was recorded , During each record ing  sess io n  the  t o t a l  
time req u ired  fo r  100 instan taneous sampling scans was l6  m inutes 40 
seconds. Hie follow ing inform ation  was recorded from each scan,
1. Whether the  p aren ts  were p re sen t in  the  n e s t .  Both paren ts  
hollowed ou t a  depression  in  the sawdust, bu t a t  l e a s t  one pup had to  
be p re sen t f o r  th i s  a rea  to  c o n s ti tu te  a  n e s t  (sco re  obtained fo r  each 
p a re n t) . These scores a lso  enabled a  comparison to  be made in  the 
FRI cond ition  between the p roportions of time spen t by only the  mother 
in  the  n e s t ,  only the  f a th e r  in  the n e s t ,  and both p a ren ts  in  the  n e s t .
2 . Whether the paren ts  were s tim u la tin g  th e  p u p (s). H iis included 
such care tak ing  behaviour a s  l ic k in g , s n if f in g ,  grooming, r e t r ie v in g ,  
s tepp ing  on pups e tc .  (sco re  obtained  f o r  each p a re n t) .
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3 . Whether paren ts  were involved in  n e s t  co n s tru c tio n . This 
included the  form ation of a  depression  in  the sawdust, the  c o lle c tio n  
of wood shavings and the m anipulation o f n e s tin g  m a te ria l w ith  the 
snout and forepaws (sco re  obtained  f o r  each p a re n t) .
4 . Whether the  mother o r th e  fa th e r  was d isp lay in g  an a c t iv i ty  which 
was no t d i r e c t ly  a sso c ia ted  w ith  care  tak ing  behaviour (c a l le d  non­
care  tak ing  a c t i v i t i e s ) ,  This included locomotion, exp lo ra to ry  
behaviour, self-groom ing, feed ing , d rink ing  e tc ,  (sco re  obtained f o r  
each p a re n t) .
5» The number o f pups p resen t in  th e  n e s t (score  obtained f o r  both  
compartments).
6 . Proxim ity to  p a ren t. The number o f .pups in  co n tac t w ith , o r  
w ith in  1cm, o f a  p a ren t (sco re  obtained f o r  both compartments).
7 . The number o f pups suck lin g , inc lud ing  a c tiv e  n ip p le -seek in g  
(sco re  obtained only in  mother compartment).
8. The number o f pups ea tin g  s o lid  food (sco re  obtained  f o r  both  
compartments),
9. The number o f pups e x h ib itin g  locomotor behaviour (sco re  ob ta ined  
f o r  both  compartments),
10. The number o f pups ex h ib itin g  exp lo ra to ry  behaviour; inv o lv in g  
s n if f in g ,  h e a d - l if t in g  and re a rin g  (sco re  obtained f o r  both 
compartments).
229
11. The number o f pups ex h ib itin g  self-groom ing; in c lu d in g  sc ra tch in g  
and lic k in g  (sco re  obtained f o r  both compartments).
12. The number o f pups in  the  l e f t  compartment.
The behaviour observed during  each scan was recorded on a  check 
sh ee t during th e  in te rv a l  between scans. At th e  end o f  th e  record ing  
sess io n s  the  sco res in  each of the  behaviour ca teg o ries  were to ta l l e d .  
For the p aren t a c t i v i t i e s ,  a  maximum score o f 100 could be ob ta ined , 
bu t f o r  the  o ffsp rin g  a c t i v i t i e s ,  s in ce  th e re  were seven pups in  each 
l i t t e r ,  a  maximum score o f 700 could be ob ta ined . These p roportions 
of 700 were converted to  percentages so th a t  th e  mean percentages of 
the pup sco res could be shown on the graphs o f these d a ta  (F ig s . 6 .27  
to  6 .3 4 ) . In  common w ith th e  procedure adopted fo r  th e  previous 
experim ents, the  mean of each two successive days* scores was 
c a lc u la te d . This provided l4  sco res f o r  each a c t iv i ty  from th e  t o t a l  
28 day record ing  p eriod . Fewer ca teg o ries  o f pup behaviour have been 
recorded than in  th e  previous experim ents in  o rder to  provide 
s u f f ic ie n t  time f o r  th e  sim ultaneous record ing  of p a ren t and o ffsp rin g  
behaviour. The th re e  ca teg o rie s  of exp lo ra to ry  behaviour have been 
con trac ted  in to  one category . Because only very low d rink ing  sco res 
had been obtained in  previous work, th is  category was e lim in a ted .
Day 30 Measurements. On day 30» open f i e ld  t e s t s  were 
adm inistered  and body weights were measured f o r  a l l  the  o ffsp rin g .
The type o f measures taken were id e n t ic a l  to  those in  the  S p l i t  L i t t e r  
experim ent.
F ig . 6 .k  summarizes the design o f th e  S p l i t  Gage experim ent.
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Fig. 6.k Split Cage experiment design.
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Data Treatment. The da ta  were tre a te d  in  a  s im ila r  fash ion  
to  th a t  adopted fo r  the S p l i t  L i t t e r  experim ent. . The da ta  from 
the d a ily  observations were transform ed (ARCSIN) before analyses 
o f variance were conducted. Age was again  tre a te d  as a  c o v a ria te , 
which re su lte d  in  a one-way ANOVA w ith 'p o s it io n  o f f a th e r ' as 
the independent v a r ia b le . Pearson product moment c o r re la tio n  analyses 
were adm inistered between in d iv id u a l pup scores fo r  behaviours 
under each sep ara te  experim ental trea tm en t, and pup age. The c o r re la tio n  
analyses to g e th e r w ith  the  co v aria te  analyses were used to  in v e s tig a te  
age tren d s . A to ta l  of 1? analyses were conducted on the  d a ily  
observations d a ta . E ight analyses o f variance were a lso  c a rr ie d  ou t 
on the un transform ed l i t t e r  means o f the day 30 d a ta . Scheffë t e s t s  
were adm inistered whenever a  s ig n if ic a n t  d iffe re n c e  was found w ith 
the ANOVA.
R esults
Thble 6.B provides a  summary o f a l l  the age an a ly ses . I t  shows 
s ig n if ic a n t  age e f fe c ts  fo r  the measures, as revealed by the a n a ly s is  
of covariance. These a re  general age e f f e c ts ,  across  a l l  th ree  
experim ental trea tm en ts , fo r  each behavioural a c t iv i ty .  In  ad d itio n  
to  th i s ,  Thble 6.B shows, w ith  the c o r re la tio n  an a ly ses , how the age 
e f fe c ts  a re  d is tr ib u te d  between the d i f f e r e n t  tre a tm en ts . T&bles 
6 .18  to  6 .42 summarize the r e s u l ts  o f the  analyses o f v arian ce , where 
the same symbols and conventions a re  used as in  the S p l i t  L i t t e r  
ta b le s . ( Thbles 6 .18 to  6.-34 a re  based on transform ed d a ta .  In  
these ta b le s ,  backtransformed means, expressed a s  percen tages, a re  
provided in  p a ren th eses .)  Again i t  should be noted th a t  F ig . numbers 
correspond to  Thble numbers. For example, Tfeible 6 .18  and F ig . 6 .18  
a re  based on the same d a ta . F igs. 6 .18  to  6 .34  show the mean
231a
Table 6.B Age Analyses For S p lit  Gage Treatment E ffects
Values f o r  F, d f , and P a re  shown f o r  the G ovariate analyses
Values f o r  r  ( c o rre la t io n  c o e f f ic ie n t)  and P ( tw o -ta ile d )  a re  shown 
f o r  th e  Pearson C o rre la tio n  analyses
MEASURE
& G ovariate values
TREATMENTS & C o rre la tio n  values 
FBI FLE NOF
MOTHER IN NEST r - 0.216 0.148 0.392
F-2.181 d f* l, l6 4  NS P NS NS <0.01
MOTHER, STIMULATING PUP r - 0.219 -0 .247 - 0.389
P-18 . 776 d f - l , l6 4  P<0.001 P NS NS <0.01
MOTHER, NEST GONSTRUGTION r -0 .485 - 0.318 -0 .2 6 4
F-25.175 d f« l,l6 4  P<0.001 P < 0.001 <0.05 = 0.05
MOTHER, NON-GARETAKING r - 0.022 - 0.077 - 0.239
P-2.122 d f« l , l6 4  NS P NS NS NS
FATHER IN NEST r - 0.167 0.056
P-O.917 d f« l,1 0 9  NS P NS NS
FATHER, STIMULATING PUP r - 0.298 0.225
F-2.326  d f -1,109  NS P <0.05 NS
FATHER, NEST GONSTRUGTION r - 0.157 0.235
P-1.664 d f" l,1 0 9  NS P NS NS
FATHER, NON-GARETAKING r 0.230 - 0.067
f*0.586 d f-1,109  NS P NS NS
PARENTS IN NEST r - 0.091 0.112 - 0.177
F=0.847 d f= l,l6 4  NS P NS NS NS
PUPS IN NEST r - 0.615 - 0.554 - 0.396
F^91.125 d f^ l , l6 4  P<0.001 P <0.001 <0.001 <0.01
PUPS WITH PARENT r - 0.304 0.255 0.500
F-6.165  d f= l,l6 4  P<0.03 P < 0.05 NS <0.001
PUPS SUCKLING r - 0.198 0.036 0.354
F-0.180 d f - l , l6 4  NS P NS NS <0.01
PUPS EATING SOLID POOD r 0.563 0.525 0.453
P=92.l64 d f« l, l6 4  P<0.001 P <0.001 <0.001 <0.001
PUPS, LOGOMOTOR BEHAVIOUR r 0.422 - 0.280 - 0.629
M .4 2 9  d f - l , l6 4  NS P < 0 .01 < 0.05 <0.001
POPS, BXPLORATDRÏ BEHAVIOUR r 0.626 0.543 0 .665
M 8 2 .0 8 4  d l^ l , l6 4  P<0.001 P <0.001 <0.001 <0.001
PUPS, GROOMING r 0.683 0.648 0.576
P=213.709 d f - l , l6 4  P<0.001 P <0.001 <0.001 < 0.001
PUPS IN LEFT COMPARTMENT r 0.401 0.347 0.184
P-17.952 d f^ l» l6 4  PcO.OOl P <0.01 <0.01 NS
FBI I f a th e r  in  the  r i ^ t  compartment
FLE: f a th e r  in  the  l e f t  compartment
NOP: no f a th e r  p resen t
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percentage o f instan taneous scans o f the paren ts and of the  pups 
involved in  the a c t i v i t i e s  which were recorded on a  d a ily  b a s is .
These values a re  p lo tte d  a g a in s t pup age. Each number on the pup age 
a x is  re fe r s  to  the  f i r s t  day o f the  p a ir  o f days from which each r e s u l t  
had been ob tained . For example, *19* re fe r s  to  the o v e ra ll score 
obtained by averaging th e  two scores from days 19 and 20. F igs. 6 .35  
to  6.42 a re  histogram s based on the day 30 d a ta . Of the 25 analyses 
c a rried  o u t, l6  involved s ig n if ic a n t  d if fe re n c e s . These l6  s ig n if ic a n t  
r e s u l ts  a re  summarized in  Thble 6 .c .
Where symbols FRI, FLE and NOF a re  used, they r e f e r  re sp ec tiv e ly  
to  'f a th e r  in  the r ig h t  compartment*, 'f a th e r  in  the l e f t  compartment' 
and 'no f a th e r  p r e s e n t '.  The symbols K and F r e f e r  re sp e c tiv e ly  to  
mother and f a th e r ,  and a re  used in  the a n a ly s is  comparing the time 
spen t by the  two FRI paren ts in  the n e s t  (Thble 6.26 and F ig. 6 .2 6 ).
A ll graphs a re  based on untransform ed d a ta .
The ta b le s  and graphs a re  preceded by a summary o f a l l  o f the 
r e s u l t s ,  and a re  followed by a summary ta b le  (Thble 6 .c )  showing the 
s ig n if ic a n t  d iffe ren ces  (ANOVA) between the treatm ent groups. These 
d iffe re n c es  a re  then considered in  more d e ta i l  in  the d iscu ssio n  
sec tio n  which fo llow s.
Summary o f R esu lts . Of the  25 analyses of variance c a rr ie d  
o u t, 16 involved s ig n if ic a n t  d iffe re n c e s . (The numbers accompanying 
the behaviour headings, below, match the Thble and F ig . numbers.)
18. Mother in  N est. The FRI mean was s ig n if ic a n t ly  g re a te r  
than both the  FLE mean and the NOF mean, and the FLE mean was 
s ig n if ic a n tly  g re a te r  than the NOF mean (Thble 6 .1 8 ) . The a n a ly s is  
o f covariance revealed  th a t  no s ig n if ic a n t  age e f f e c t  was apparen t
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fo r  th is  a c t iv i ty  and the  c o rre la tio n  analyses showed th a t  only in  the 
case o f the NOF scores was th e re  a s ig n if ic a n t  p o s itiv e  c o rre la tio n  
between the a c t iv i ty  scores and age (Thble 6 .B ). F ig . 6 .18  a lso  shows 
th a t  the  change w ith age o f the NOF sco res i s  d i f f e r e n t  to  th a t  of the 
o th er two groups. The unexpected upward trend  in  the  NOF scores i s  a 
r e s u l t  o f the NOF mothers spending very l i t t l e  time in  the n e s t  w ith 
th e i r  o ffsp rin g  when the pups were very young (e sp e c ia lly  days 3 to  8 ) , 
b u t spending in c reas in g  amounts of time in  the n e s t as  the pupâ* age 
in creased . This may suggest an i n i t i a l  aversion  to  the  pups in  the 
n e s t ,  b u t an aversion  n ev erth e less  th a t  declined  w ith continued 
exposure to  the o ffsp rin g  o r w ith  increased  pup age. The NOF m others' 
p ropensity  to  e n te r  the n e s t  may a lso  have been in v erse ly  re la te d  to  
the number of pups in  the n e s t.  This would mean th a t  as  the pups began 
to  spend more time out of the n e s t ,  the mother spen t more time in  the 
n e s t.  The question  o f why i t  was ju s t  the NOF mothers which d isplayed 
an ea rly  aversion  to  pups i s  addressed l a t e r .
19. Mother. S tim ulating  Pup. There was no s ig n if ic a n t  d iffe re n c e  
between the scores obtained from the th ree  treatm ent groups ( ih b le  
6 .1 9 ) . The a n a ly s is  o f covariance revealed  a  s ig n i f ic a n t  age e f f e c t ,  
bu t only in  the NOF c o rre la tio n  a n a ly s is  was a  s ig n if ic a n t  negative  
c o rre la tio n  apparent (T&.ble 6 .B ). I t  would be a n tic ip a te d  th a t  the  
a t te n t io n  given to  o ffsp rin g  by the  mother would decrease w ith pup 
age, b u t F ig . 6.19 shows th a t  the  downward tre n d , apparen t in  the
NOF sc o re s , i s  obscured by high v a r ia b i l i ty  in  the FRI and FLE sco res .
20. Mother. Nest C onstruction. The ANOVA in d ica ted  th a t  th e re  
was a s ig n if ic a n t  d iffe ren c e  between the treatm ent sc o re s , although 
the Scheffe t e s t  r e s u l t  did no t show ih is  d iffe ren ce  (Table 6 .2 0 ).
A comparison of the mean scores showed th a t  th e  FRI and FLE means 
had the same value and th a t  th is  was la rg e r  than the NOF mean. The
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a n a ly s is  of covariance revealed  a  s ig n if ic a n t  age e f f e c t  and the 
c o rre la tio n  analyses showed a  s ig n if ic a n t  negative c o rre la tio n  
between th is  a c t iv i ty  and age fo r  a l l  treatm ent conditions (Thble 6 .B ). 
The NOF c o rre la tio n  was only m arginally  s ig n if ic a n t .  I t  would be 
expected th a t  m aternal n e s t  co n stru c tio n  would decrease w ith pup 
age as the fu n c tio n a l need fo r  a  n e s t  decreased . F ig . 6 .20  shows 
th a t  n e s t  co n stru c tio n  was n o t d isp layed  by NOF mothers p a s t day 7» 
and n o t d isp layed  by FLE mothers p a s t day 17. FRI mothers continued 
to  d isp lay  th is  a c t iv i ty  to  the end of the recording period (days 
29/ 30) .  The presence o f the fa th e r  appeared to  s tim u la te  the mother 
to  continue n e s t-b u ild in g  fo r  a  longer period  of tim e. This p o in t i s  
d iscussed in  more d e ta i l  l a t e r .
21. Mother. Non-Care tak in g . Both the FLE and NOF means were 
s ig n if ic a n tly  g re a te r  than the FRI mean (Tkble 6 .2 1 ). The a n a ly s is  
o f covariance and the c o rre la tio n  analyses showed th a t  no s ig n if ic a n t  
trend w ith age was apparen t fo r  th is  a c t iv i ty  (Tkble 6 .B ).
22. Fhther in  N est. The FRI mean was s ig n if ic a n tly  g re a te r  
than the FLE mean (Thble 6 .2 2 ) . The an a ly s is  o f covariance and the 
c o rre la tio n  analyses showed th a t  no s ig n if ic a n t  trend  w ith  age was 
apparen t f o r  th is  a c t iv i ty  (Thble 6 .B ).
23. Fhther. S tim ulating  Pup. Again the FRI mean was s ig n if ic a n t ly  
g re a te r  than the  FLE mean (Table 6 .2 3 ) . The a n a ly s is  o f covariance 
showed th a t  no s ig n if ic a n t  age e f f e c t  was apparen t f o r  th i s  a c t iv i ty  
and the c o r re la tio n  analyses showed th a t  only in  the case of the FRI 
scores was th ere  a  s ig n if ic a n t  negative  c o r re la tio n  between the 
a c t iv i ty  sco res and age (Table 6 .B ). F ig. 6.23 shows th a t  a  la ig e  
d iffe ren ce  between the  FRI and FLE scores was apparen t a t  an ea rly
pup age. The FRI fa th e rs  had access to  th e i r  o ffsp rin g  throughout
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the development period whereas the  FLE fa th e rs  only had access to  
the o ffsp rin g  once the pups were s u f f ic ie n t ly  developed to  move 
through to  the fa th e r  compartment. D iffe rin g  a c c e s s ib i l i ty  to  the 
o ffsp rin g  fo r  the  two groups of fa th e rs  has n o t unexpectedly re su lte d  
in  d is s im ila r  p a tte rn s  o f p a te rn a l pup s tim u la tio n  w ith age (F ig . 6 .2 3 ) .
24. Fhther. N est C onstruction . There was no s ig n if ic a n t  
d iffe ren ce  between the scores obtained from the two treatm ent groups 
( ih b le  6 .2 4 ). The a n a ly s is  o f covariance and the c o r re la tio n  analyses 
showed th a t  no s ig n if ic a n t  trend  w ith age was apparen t fo r  th is  
a c t iv i ty  ( ih b le  6 .B ).
26. F hther. Non-Care tak ing  A c tiv ity . The FLE mean was 
s ig n if ic a n t ly  g re a te r  than the FRI mean (T&ble 6 .2 5 ). This r e s u l t  
i s  re la te d  to  the  f a c t  th a t  the pups were le s s  a c c e ss ib le  to  the FLE 
fa th e rs  than to  the FRI f a th e rs .  The a n a ly s is  of covariance and 
the c o rre la tio n  analyses showed th a t  no s ig n if ic a n t  tren d  w ith age 
was apparen t fo r  th is  a c t iv i ty  (Thble 6 .B ).
26. I^ re n ts  in  N est. This i s  where a  comparison was made, in  
the FRI co n d itio n , between the p roportion  o f time spen t by only the 
mother in  the n e s t (M), only the f a th e r  in  the n e s t ( f ) ,  and both 
paren ts in  the n e s t (M & F). Thble 6.26 shows th a t  the *M & F* mean 
was s ig n if ic a n tly  g re a te r  than the  mean and s ig n if ic a n t ly  g re a te r  
than the *F* mean. The a n a ly s is  o f covariance and the c o r re la tio n  
analyses showed th a t  no s ig n if ic a n t  trend  w ith age was apparen t fo r  
th is  a c t iv i ty  ( ih b le  6 .B ).
27. Pups in  N est. The NOF mean was s ig n if ic a n t ly  g re a te r  
than the FRI mean (Tàble 6 .2 7 ). The a n a ly s is  o f covariance revealed 
a s ig n if ic a n t  age e f fe c t  and th e  c o rre la tio n  analyses showed a 
s ig n if ic a n t  negative  c o rre la tio n  between th is  a c t iv i ty  and age fo r
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a l l  treatm ent conditions (Thble 6 .B ). I t  would be expected th a t  a  
decrease in  time spen t by the pups in  the n e s t  would correspond with an 
in crease  in  pup age. Fig. 6.27 in d ic a te s  th a t  i t  was the FRI pups 
which were observed leav ing  the n e s t f i r s t  (days I 5/ 16) .  The NOF 
pups were n o t observed leav ing  the n e s t  u n t i l  days 23/24.
28 . Pups w ith P aren t. The FRI mean was s ig n if ic a n t ly  g re a te r  
than both the  FLE and the NOF means and the FLE mean was s ig n if ic a n tly  
g re a te r  than the  NOF mean (Thble 6 .2 8 ). The a n a ly s is  of covariance 
revealed  a s ig n if ic a n t  age e f f e c t ,  and the c o rre la tio n  analyses showed 
d if fe r in g  age trends acro ss  the th ree  treatm ent conditions (Thble 6 .B). 
A s ig n if ic a n t  negative  c o rre la tio n  w ith  age was found fo r  the FRI 
pups, a  s ig n if ic a n t  p o s itiv e  c o rre la tio n  fo r  the NOF pups and no 
s ig n if ic a n t  c o rre la tio n  a t  a l l  fo r  the FLE pups. D iffe rin g  treatm en t 
circum stances fo r  the th ree  groups would have been mainly resp o n sib le  
f o r  these c o rre la tio n  d iffe re n c e s . From the beginning o f the record ing  
period  the FRI pups had access to  both p a re n ts . F ig. 6.28  shows how 
th is  has re su lte d  in  high sco res , a t  the beginning o f the record ing  
period , which have g radually  declined  throughout the  p erio d . The
NOF tre n d , where the only p aren t i s  the m other, shows the  opposite 
and, n o t s u rp r is in g ly , i s  s im ila r  to  the trend  obtained from the 
'm other in  n e s t ' scores (see  se c tio n  18, above).
29. Pups. Suckling. The FRI mean was s ig n if ic a n t ly  g re a te r  
than the NOF mean (Thble 6 .2 9 ). No age e f f e c t  was apparen t w ith  the  
a n a ly s is  of covariance fo r  th is  a c t iv i ty ,  and the c o r re la t io n  analyses 
showed th a t  only in  the  case of the NOF sco res was th ere  a  s ig n if ic a n t  
p o s itiv e  c o rre la tio n  between the a c t iv i ty  sco res and age ( ih b le  6 .B ). 
This NOF trend  (F ig . 6 .29) i s  the  opposite  to  th a t  which would be 
a n tic ip a te d  fo r  developing pups, bu t n ev erth e less  i s  c o n s is te n t w ith
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the 'm other in  n e s t ' and 'pups w ith  p a re n t ' age trends which have 
been d iscussed  above.
30. Pups Eating So lid  Food. There was a s ig n if ic a n t  d iffe ren c e  
between the trea tm en t scores according to  the ANOVA, although the 
Scheffe t e s t  d id  n o t show th is  d iffe re n c e  ( ih b le  6 .30) .  A comparison 
o f the mean scores showed th a t  the FRI pups had the la r g e s t  mean and 
the NOF pups had the sm a lle s t. The a n a ly s is  o f covariance revealed
a s ig n if ic a n t  age e f f e c t  and the c o rre la tio n  analyses showed a 
s ig n if ic a n t  p o s itiv e  c o rre la tio n  between th is  a c t iv i ty  and age fo r  
a l l  treatm en t conditions ( ih b le  6 .B ). Such a  r e s u l t  i s  as  would be 
a n tic ip a te d  fo r  th is  a c t iv i ty .  F ig . 6 .3O shows th a t  i t  was the FRI 
pups which began ea tin g  s o lid  food f i r s t  (days 1 3 /l4 ) . NOF pups did 
n o t begin ea tin g  s o lid  food u n t i l  days 23/24.
31. Pups. Locomotor Behaviour. There was no s ig n if ic a n t  
d iffe re n c e  between the scores obtained from the th ree  trea tm en t 
groups (Thble 6 . 31) .  The a n a ly s is  of covariance showed th a t  no 
s ig n if ic a n t  age e f fe c t  was apparen t fo r  th is  a c t iv i ty  ( ih b le  6 .B ).
The c o rre la tio n  analyses revealed  a  s ig n if ic a n t  p o s itiv e  c o rre la tio n  
fo r  the FRI scores w ith age, whereas s ig n if ic a n t  negative c o rre la tio n s  
w ith age were found fo r  the FLE and NOF sco res . I t  must be concluded 
th a t  the  d iffe re n ce  in  trends i s  d i r e c t ly  a t t r ib u ta b le  to  the  f a th e r 's  
p o s itio n  in  the cage. I t  should be no ticed  th a t  the d ire c t io n  of 
these c o rre la tio n s  i s  the opposite to  those obtained from the 'pups 
w ith p a re n t ' da ta  (T^ble 6.B and F ig. 6 . 28) . I t  i s  p o ss ib le , th e re fo re , 
th a t  locomotion v aried  in v erse ly  w ith  th e  amount o f pup co n tac t w ith 
p a re n ts .
32. Pups. Exploratory Behaviour. The FRI mean was s ig n if ic a n t ly  
g re a te r  than the FLE mean (Thble 6 .32) .  The an a ly s is  of covariance 
revealed  a s ig n if ic a n t  age e f f e c t  and the  c o r re la tio n  ana lyses
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showed a s ig n if ic a n t  p o s itiv e  c o rre la tio n  between th is  a c t iv i ty  and 
age fo r  a l l  treatm ent conditions ( ih b le  6 .B ).
33. Pups, Grooming. There was no s ig n if ic a n t  d iffe ren ce  
between the  scores obtained from the th re e  treatm en t groups (Thble 
6 . 33) .  The a n a ly s is  o f covariance revealed a  s ig n if ic a n t  age e f fe c t  
and the c o rre la tio n  analyses showed a  s ig n if ic a n t  p o s itiv e  c o rre la tio n  
between th is  a c t iv i ty  and age fo r  a l l  treatm ent conditions (Thble
6 .b) .
34. Pups in  L e ft Compartment. The FLE mean was s ig n if ic a n tly  
g re a te r  than the NOF mean ( ih b le  6 .3 4 ). The a n a ly s is  o f covariance 
revealed  a  s ig n if ic a n t  age e f f e c t  and the c o rre la tio n  analyses showed 
a s ig n if ic a n t  p o s itiv e  c o rre la tio n  between th is  a c t iv i ty  and age in  
the FRI and FLE groups (Thble 6 .B ). There was no s ig n if ic a n t  
c o rre la tio n  w ith age fo r  the NOF group and th is  i s  n o t su rp r is in g  
given the very low scores fo r  th is  group (F ig . 6 .3 4 ) .
36. Open F ie ld , P erip h era l Compartment Ambulation. There was 
no s ig n if ic a n t  d iffe ren ce  between the scores obtained from the th re e  
treatm ent groups.
36 . Open F ie ld . Inner Compartment Ambulation. The FRI mean 
was s ig n if ic a n tly  g re a te r  "than the FLE mean (Thble 6.36)»
37. Open F ie ld , Rearing. There was no s ig n if ic a n t  d iffe re n c e  
between the scores obtained from the th ree  trea tm en t groups.
38. Open F ie ld . Latency to  D efaecation. The FRI mean was 
s ig n if ic a n tly  g re a te r  than both the FLE and the NOF means (Tkble 6 .38).
39. Open F ie ld , D efaecation. There was no s ig n if ic a n t
(itf*f©^©nce between the scores obtained from the th ree  treatm en t groups»
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40. Open F ie ld . Latency to  U rin a tio n . Both the FLE and FRI 
means were s ig n if ic a n tly  g re a te r  than the NOF mean (Thble 6 .4 0 ).
There was no s ig n if ic a n t  d iffe re n c e  between the scores obtained 
from the th ree  treatm en t groups in :
41. Open F ie ld  U rination  and
42. Body Weight.
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Thble 6.18 Analysis of Variance of 'Mother in Nest' Scores
with Scheff^ Test Results__________________ _
SOURCE OP VARIANCE d f MS F P
MAIN EFFECT 
P o s itio n  o f  F a th er 2 5.086 18.075 < 0.001
RESIDUAL 164 0.281
P o sitio n  o f F ather: 
Means:
NOF
0.406
( 15. 06)
FLE
0.668
( 38 .37)
FRI
1.007
(71.44)
A nalysis of Variance of 'M other, S tim ulating  Pun' Scores
SOURCE OF VARIANCE d f MS F P
MAIN EFFECT 
P o sitio n  o f F a ther 2 0.052 2.703 NS
RESIDUAL 164 0.019
A nalysis of Variance o f 'M other, Nest C onstruction ' Scores 
w ith  Scheffé Test R esults
SOURCE OF VARIANCE d f  MS F P
MAIN EFFECT 
P o s itio n  o f F a th er 2 0.010 3.671 < 0.05
RESIDUAL 164 0.003
P o s itio n  o f F a th e r: 
Means:
NOF
0.004
FLE
0.028
FRI
0.028
( 0 . 002) (0 . 08) ( 0 . 08)
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^ FRI 
3  FLE
-Q
pup age in days
^NOF
100'
60
•CJ
pup age in days
Fig. 6.18 Mean percentage of instantaneous scans of mother in nest.
Standard errors are indicated.
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£>/?/
20-
•Q
25
pup age in days
N^OF
f:
-Q
23
pup age in days
Fig. 6.19 Mean percentage of instantaneous scans of mother stimulating pup.
Standard errors are indicated.
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^FRI
9FLE
.e
25
pup age in days
~^NOF
10-
pup age in days
Fig. 6,20 Mean percentage of instantaneous scans of mother involved in nest
construction. Standard errors are indicated.
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% ble 6 .21  A nalysis o f Variance o f 'M other, Non-Care tak ing
SOURCE OF VARIANCE d f MS F P
MAIN EFFECT 
P o sitio n  of F a th er 2 3.955 20.467 <0.001
RESIDUAL 164 0.193
P o sitio n  o f Father* 
Means*
FRI
0.732
FLE
1.066
NOF
1.258
(44.67) (76 . 61) ( 90 . 53)
A nalysis o f Variance o f 'F a th e r  in  N est' Scores 
w ith Scheffe Test R esults
SOURCE OF VARIANCE d f MS F P
MAIN EFFECT 
P o sitio n  of F a ther 1 24.180 160.674 < 0.001
RESIDUAL 109 0.150
P o sitio n  o f Father* 
Means*
FLE
0.070
( 0 .49)
FRI
0.999
( 70 . 72)
A nalysis o f Variance o f 'F a th e r , S tim ulating  Pup 
Scores w ith  Scheffe Itest R esults
f
SOURCE OF VARIANCE d f MS F p
MAIN EFFECT 
P o sitio n  of Ph,ther 1 0.409 18.017 < 0.001
RESIDUAL 109 0.023
P o sitio n  of Father* 
Means*
FLE
0.031
(0 .10)
FRI
0.152
( 2 .29)
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Fig. 6.21 Mean percentage of instantaneous scans of mother exhibiting non-caretaking
behaviour. Standard errors are indicated.
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80-
/K ,
27
pup age in days
Fig 6.22 Mean percentage of instantaneous scans of father in n e s t
Standard errors are indicated.
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^FRI
251
23
pup age in days
Fig.6.23 Mean percentage of instantaneous scans o f fattier stimulating pup.
Standard errors are indicated.
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% ble 6 .24  A nalysis of Variance o f 'F a th e r , Nest Construction* 
Scores
SOURCE OF VARIANCE d f MS F P
MAIN EFFECT 
P o sitio n  o f F ather 1 0.022 3.087 NS
RESIDUAL 109 0.007
A nalysis of Variance of "Father, Non 
Scores w ith Scheffe T est R esults
-C aretaking  A ctivity*
SOURCE OF VARIANCE d f MS F P
MAIN EFFECT 
P o sitio n  of F a ther 1 11.915 73.718 < 0.001
RESIDUAL 109 0.162
P o sitio n  of Father* 
Means*
FRI
0.709
(42.39)
FLE
1.362
(95 .70)
A nalysis of Variance of *Ih,rents in  
w ith Scheffe Test Results
Nest* Scores
SOURCE OF VARIANCE d f MS F P
MAIN EFFECT 
P o sitio n  o f F ather 2 3.080 17.782 < 0.001
RESIDUAL 164 0.173
P aren ts in  Nest* 
Means*
M Only
0.311
F Only
0.336
M & F
0.729
( 9 .36) (10 .78) (44.37)
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i^ FRI
JFLE
c: 10'
«Q
23
pup age in days
Fig.6.2^ Mean percentage of instantaneous scans of fattier involved in nest
construction. Standard errors are indicated.
2^5
tFRI
f FLE
100
pup age in days
Fig. 6.25 Mean percentage of instantaneous scans of fattier exhibiting non-
caretaking activities. Standard errors are indicated.
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pup age in days
mother & father1001
80-
-Q
5 7 11 13 15 17 19 21 23 25 27 2993
pup age in days
Fig.6.26 Mean percentage of instantaneous scans of parents in nest.
Standard errors are indicated.
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l&.ble 6>27 Analysis of Variance of *Pups in  Nest* Scores
with Scheffe Test Results ________
SOURCE OF VARIANCE d f MS F p
MAIN EFFECT 
P o sitio n  o f F a ther 2 0.332 3.974 < 0.05
RESIDUAL 164 0.084
P o sitio n  of F ather; 
Means;
FRI
1.323
FIB
1.403
NOF
1.477
( 93 .98) ( 97 .21) ( 99 . 12)
A nalysis o f Variance of "Pups w ith Parent* Scores 
w ith  Scheffg Test R esults
SOURCE OF VARIANCE d f MS F p
MAIN EFFECT 
P o sitio n  o f F a ther 2 9.373 47.225 <0.001
RESIDUAL 164 0.198
P o sitio n  o f F ather; 
Means;
NOF
0.448
( 18 .76)
FIE
0.700
(41.50)
FRI
1.248
( 89. 94)
A nalysis o f Variance o f *Pups, Suckling* Scores 
w ith Scheffe Test R esults
SOURCE OF VARIANCE d f  KS F P
MAIN EFFECT 
P o sitio n  o f F a ther 2 1.381 9.096 < 0.001
RESIDUAL 164 0.152
P o s itio n  of F ather; 
Means;
KOF
0.223
FLE
0,405
FRI
0.536
(4 .8 9 ) ( 15 . 52) (26 . 08)
248
^FRI
fFLE
60-
•Q
^ 20-
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WOi
60-
-C)
pup age in days
Fig.6.27 Mean percentage of instantaneous scans ot pups in nest.
Standard errors are indicated.
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NOF
60'
60'
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23
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Fig. 6.28 Mean percentage of instantaneous scans of pups with parent.
Standard errors are indicated.
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^FRI
fFLE
r
9 11 13 15 17
pup age in days
100
25
pup age in days
Fig.6.29 Mean percentage of instantaneous scans of pups suckling.
Standard errors are indicated.
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Iteible 6»30 A nalysis o f Variance o f 'Pups Eating S o lid  Food* Scores
w ith Scheffe T est R esults__________ ________________ _ __
SOURCE OF VARIANCE d f MS F P
MAIN EFFECT 
P o sitio n  o f F a ther 2 0.079 3.379 < 0.05
RESIDUAL 164 0.023
P o sitio n  of F ather: 
Means:
NOF
0.046
FLE
0.104
FKC
0.116
(0 .21) (1 .08) (1 .34)
A nalysis o f Variance o f *Pups, Locomotor Behaviour* Scores
SOURCE OF VARIANCE d f MS F P
MAIN EFFECT 
P o sitio n  of F ather 2 0.028 1.928 NS
RESIDUAL 164 0.015
A nalysis o f Variance of *Pups, Exploratory Behaviour* 
Scores w ith Scheffe Test R esults
• SOURCE OF VARIANCE d f MS F P
MAIN EFFECT 
P o sitio n  o f F a th er 2 0.031 3.674 < 0.05
RESIDUAL 164 0.008
P o sitio n  of F a th er: 
Means:
FLE
0.114
NOF
0.129
FRI
0.160
( 1 . 29) (1 . 65) ( 2 . 54)
252
^FRI
fFLE
30
-I-------- 1----
9 11 13 15 17 19 21 23 25 27 295 73
pup age in days
5(h
20'
pup age in days
Fig. 6.30 Mean percentage of instantaneous scans of pups eating solid food.
Standard errors are indicated.
253
S FRI
fFLE
251
•CJ
10'
25
pup age in days
I nof
10'
•Q
27
pup age in days
Fig.6.31 Mean percentage o f instantaneous scans o f pups exhibiting locomotor
behaviour. Standard errors are indicated.
25^
i^ FRI
'^10'
-Cl
 ,-------- ,----- ,------ ,------- ,— — ^
5 7 9 11 13 15 17 19 21 23 25 27 293
pup age in days
NOF
o 15’
3 5 7 9 11 13 15 17
pup age in days
19 21 23 25 27 29
Fig.6.32 Mean percentage of instantaneous scans of pups exhibiting exploratory
behaviour Standard errors are indicated.
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l&ble 6.33 A nalysis o f Variance o f "Pups, Grooming* Scores
SOURCE OF VARIANCE d f MS F . P
MAIN EFFECT 
P o sitio n  o f F a ther 2 0.003 0.259 NS
RESIDUAL 164 0.010
A nalysis o f Variance o f 'Pups in  L eft Compartment 
Scores w ith Scheff^ T est R esults
f
SOURCE OF VARIANCE d f MS F P
MAIN EFFECT 
P o sitio n  of F a ther 2 0.071 4.282 < 0.05
RESIDUAL 164 0.017
P o sitio n  o f Ph-theri 
Means*
NOF
0.003
FRI
0.033
FLE
0.074
(0 . 0009) ( 0 . 11) ( 0 . 5^)
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^FRJ
^FLE25-1
I
23 27
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1  NOF
25^
20 '
15’
•Q
f
3 5 7 11 13 15 17 19 21 23 25 27 299
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Fig.6.33 Mean percentage of instantaneous scans of pups grooming.
Standard errors are indicated.
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^FRl
pup age in days
*NOF
•Q
9 11 13 15 17 19 21 23 25 27 293 5 7
pup age in days
Fig. 6.3U Mean percentage of instantaneous scans o f pups in left compartment..
Standard errors are indicated.
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% ble 6 .3 5  A nalysis o f  Variance o f  Open F ield  'Peripheral
Compartment* Ambulation Scores_________ ________
SOURCE OF VARIANCE df MS F P
MAIN EFFECT 
P o sitio n  of îh th e r 2 9485.08 5.87 NS
RESIDUAL 9 2446.39
► A nalysis o f Variemce of Open F ie ld  'In n e r  Compartment* 
Ambulation Scores w ith  Scheffe Test R esults
SOURCE OF VARIANCE d f MS F P
MAIN EFFECT 
P o sitio n  of F a ther 2 1092.00 5.38 < 0 .0 5
RESIDUAL 9 202.70
P o sitio n  of Father* 
Means;
FLE
6.25
NOF
33.25
FRI
36.25
la b le  6 «37 A nalysis o f Variance o f Open F ie ld  'Bearing* Scores
SOURCE OF VARIANCE d f MS F P
MAIN EFFECT
P o sitio n  of Phther 2 133.08 0.82 NS
RESIDUAL 9 160.97
A nalysis of Variance o f Open F ie ld  'Latency to
D efaecation ' Scores w ith Scheffe Test R esults
SOURCE OF VARIANCE d f MS F P
MAIN EFFECT
P o sitio n  o f Father* 2 1.08 12.9 < 0 .0 1
RESIDUAL 9 0.08
P o sitio n  of F ather FLE NOF FRI
Means* 1.00 1.25 2.00
259
30(k
250'
150-
50'
FRI FLE NOF FRI NOFFLE
Fig. 6.35 Mean scores for open field 
peripheral compartment ambulation. 
Standard errors are indicated.
Fig. 6.36 Mean scores for open field 
inner compartment.
Standard errors are indicated.
80i
60-
AO-
20'
FRI FLE NOF
Fig. 6.37 Mean scores for open field 
rearing.
Standard errors are indicated.
Fig. 6.36 Mean scores for open field
latency to  defaecation.
Standard errors are indicated.
+  Standard error = Q
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I k t le  6»39 A nalysis of Variance of Open F ie ld  'D efaecation  ' Scores
SOUROE OP VARIANCE d f MS F P
MAIN EFFECT 
P o sitio n  of F ather 2 2.33 1.23 NS
RESIDUAL 9 1.89
A nalysis o f Variance of Open F ie ld  ' 
Scores w ith Scheffe Test R esults
'Latency to  U rin a tio n '
SOURCE OF VARIANCE df MS F P
MAIN EFFECT 
P o sitio n  of F a th er 2 0.75 8.94 < 0 .0 1
RESIDUAL 9 0.08
P o sitio n  of Father* 
Means*
NOF
2.25
FLE
3.00
FRI
3.00
A nalysis o f Variance of Open F ie ld •Urination* Scores
SOURCE OF VARIANCE d f MS F P
MAIN EFFECT 
P o sitio n  of F a th er 2 0.33 2.98 NS
RESIDUAL 9 0.11
A nalysis o f Variance of Body Weight Data
SOURCE OF VARIANCE d f MS F P
MAIN EFFECT 
P o sitio n  of F ather 2 2.684 0.76 NS
RESIDUAL 9 3.527
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a
c:fD
tuG
FRÎ NOFFLE
Fig. 6.39 Mean scores for open field 
defaecation.
Standard errors are indicated.
Fig. 6.U0 Mean scores for open field 
latency to urination.
Standard errors are indicated.
I
V)
I
75-
Î
Î
I
FRI FLE NOF
Fig.6.A-1 Mean scores for open field 
urination.
Standard errors are indicated.
Fig. 6.4-2 Mean body weights [in grams]
Standard errors are indicated.
+  Standard error = 0
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Tkble 6 .C  Summary o f S ig n if ic a n t D ifferences in  the R esults From 
The S p l i t  Gage Experiment __________________________
MEASURE SIGNIFICANT ANOVA
DIFFERENCE P VALUE
NOF < FLE <0.001
Mother in  Nest NOF < FRI <0.001
FLE < FRI <0.001
Mother, N est C onstruction NOFNOF
<
<
FLE
FRI
< 0.05
< 0 .0 5
Mother, Non-Care taking FRIFRI
<
<
FLE
NOF
<0.001
<0.001
F ather in  Nest FLE < FRI < 0 .001
F bther, S tim ulating  Pups FLE < FRI < 0.001
F ather, Non-Caretahing FRI < FLE < 0.001
ïk re n ts  in  Nest M ONLY F ŒLY
<
<
M & F 
M & F
<0.001
<0.001
Pups in  Nest FRI < NOF < 0 .0 5
Pups w ith F ire n t
NOF
NOF
<
<
FLE
FRI
<0.001
< 0.001
FLE < FRI < 0.001
Pups, Suckling NOF < FRI < 0.001
Pups Eating S o lid  Food NOF < FRI < 0.05
Pups, Exploratory Behaviour FLE < FRI < 0.05
Pups in  L e ft Compartment NOF < FLE < 0 .0 5
In n er Compartment Ambulation FLE < FRI < 0.05
Latency to  D efaecation FLENOF
<
<
FRI
FRI
< 0 .01
< 0 .0 1
Latency to  U rination NOFNOF
<
<
FLE
FRI
< 0 .0 1
< 0 .0 1
•FRI*, *FLE* and 'NOF* r e f e r  re sp e c tiv e ly  to  the 'f a th e r  on the  r ig h t* ,  
the 'f a th e r  on the  l e f t* ,  amd the  *no fa th e r*  co n d itio n s , *M* and 
*F* r e f e r  re sp e c tiv e ly  to  'mother* and 'f a th e r * .
263
Discussion
Table 6 .c  shows th a t  a  la rg e  number o f s ig n if ic a n t  d iffe ren ces  
Was found in  the  r e s u l ts  from the S p l i t  Gage experim ent. Some of 
these  r e s u l ts  were p red ic tab le  consequences o f the  experim ental design , 
p a r t ic u la r ly  those concerning the  f a th e r 's  behaviour in  the  l e f t  hand 
compartment. O ther r e s u l ts  a re  more va luab le  in  help ing  to  e s ta b lis h  
rou tes  of in fluence  between th e  f a th e r  and the o ffsp rin g .
M aternal Behaviour. I t  has a lready  been suggested th a t  i f  the  
m aternal m ediation rou te  o f p a te rn a l in flu en ce  i s  o p era tin g , then the 
m other's  behaviour would be a ffe c te d  by the  presence o f the f a th e r .
I h is  i s  c le a r ly  seen to  be th e  case , because out of th e  fo u r m aternal 
a c t i v i t i e s  measured, th ree  were s ig n if ic a n tly  a ffe c te d  by the p o s itio n  
of the  fa th e r ;  namely, 'm other in  n e s t ' ,  'm other, n e s t  c o n s tru c tio n ',  
and 'm other, non-caretak ing  a c t i v i t y ' .  An o v e ra ll p a tte rn  i s  apparen t 
from these  th ree  measures a f fe c te d  by th e  f a th e r .  Ihe more the  mother 
was exposed to  th e  f a th e r ,  the more care  tak ing  behaviour she e x h ib ited . 
I b is  i s  e sp ec ia lly  exem plified by the 'm other in  n e s t ' a n a ly s is  (F ig . 
6 .1 8 ) , where the FBI mean i s  s ig n if ic a n tly  g re a te r  than the  FLE and 
NOF means and where the FLE mean i s  s ig n if ic a n t ly  g re a te r  than th e  
NOF mean (Table 6 .1 8 ) . From th is  r e s u l t  i t  would appear th a t  when 
th e  f a th e r  was n o t housed in  the same compartment as  the  m other, bu t 
where au d ito ry  and o lfa c to ry  communication was p o ss ib le , the mother 
was s t i l l  a f fe c te d  by the  f a th e r .  The f a th e r 's  in flu en ce  served  to  
t r ig g e r  o r re le a se  a  g re a te r  amount of n e s t  attendance in  the  m other.
I t  might be expected th a t  when the  f a th e r  was p resen t w ith  th e  
l i t t e r ,  some r e l i e f  from the care  tak ing  burden would be a ffo rd ed  the  
mother. In s tead  the opposite  e f fe c t  appeared to  o p era te . The response
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of the mother to  spend more time in  the n e s t  when in fluenced  by the 
f a th e r 's  presence could have been a  p ro te c tiv e  g e s tu re , re la te d  to  
the  p o s s ib i l i ty  th a t  th e  f a th e r  might harm th e  pups. Such a  reason 
may seem unw arranted, however, when the s tro n g  care tak in g  ro le  of the 
f a th e r  i s  considered .
I t  i s  more l ik e ly  th a t  the  f a th e r  does share th e  care tak ing  
functions of the  mother and re lie v e s  the  mother o f some care tak ing  
d u tie s .  This would mean th a t  when th e  f a th e r  was ab sen t, the m other's  
re s u l t in g  care tak ing  load would be very much g re a te r  than when he was 
p re se n t. The m other's  response to  th i s  in creased  load appears to  be 
to  spend more time away frcsa the l i t t e r .  Ib is  no tion  o f l i t t e r  o r 
n e s t  aversion  again  r a is e s  the  suggestion o f m aternal fa tig u e  and i t s  
a sso c ia ted  in h ib it io n  of th e  d isp lay  of m aternal behaviour (S e itz  1958). 
I t  should be n o ticed , however, th a t  th e  NOF m others, which were the 
group to  spend most time out of the  n e s t ,  were the group to  spend most 
time involved in  non-caretak ing  a c t iv i t i e s  (F ig . 6 .2 1 ) . I f  f a t ig u e  
im plies ph y sica l exhaustion , then i t  i s  an in ap p ro p ria te  term to  use 
f o r  the NOF m others. In stead  o f equating n e s t avoidance w ith  r e s t ,  
i t  needs to  be a sso c ia ted  w ith  a c t i v i t i e s  u n re la ted  to  ca re tak in g .
Elwood & Broom (19?8) suggested th a t  in creased  b a r gnawing in  
g e rb il  mothers re a rin g  a  l i t t e r  in  the  absence of the  f a th e r  was an 
expression of d istu rbance caused by the l i t t e r .  I t  i s  l ik e ly  
th a t  the S p l i t  Gage mothers l e f t  the n e s t because they were 
d is tu rb ed  by the  stim ulus c h a ra c te r is t ic s  o f the  l i t t e r .  Elwood & 
Broom (1978) proposed pup u ltra s o n ic  c a l l in g  as  a l ik e ly  agency evoking 
th is  m aternal e f f e c t  and th is  could a ls o  be ap p licab le  in  my own stu d y . 
Ibe f a th e r 's  presence would tend to  reduce the  production of c o ld - 
induced u ltrasounds (Elwood 1979b; Okon 1970a) by in s u la tin g  the  l i t t e r
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and reducing h e a t lo s s .  In  the  absence of the  fa th e r  th en , th e re  
would be an in c rease  in  the  production of u ltra so u n d s. Although 
N oiro t ( 1972b) found th a t  cold-induced u ltrasounds c o n s titu te d  an 
a t t r a c ta n t  to  the m other, th e  re a c tio n  o f th e  mother may be a ffe c te d  
by h e r c u rren t s t a t e .  B e ll (1974) claimed th a t  the  re a c tio n  to 
u ltrasounds depends on the ex ten t of a ro u sa l in  the r e c ip ie n t .  I t  
i s  p o ssib le  th a t  a  mother d is tu rb ed  by the l i t t e r  w il l  respond to  th is  
d is tu rb an ce  by leav ing  the  n e s t .  B e ll e t  a l .  (1974) found th a t  the 
p e r s is te n t  production of cold-induced u ltrasounds a g ita te d  r a t  mothers 
and prevented th e  d isp la y  o f normal m aternal behaviour. Why i s  i t ,  
however, th a t  a  remote f a th e r  e f f e c t  a lso  seemed to  be operating  ?
Ibe FLE mothers spen t s ig n if ic a n t ly  more time in  the n e s t  than the 
NOF m others, y e t the  f a th e r  was absen t from the  n e s t in  the  mother 
compartment in  both cases. Ibe fa th e r  could only have in fluenced  
the  physica l environment o f th e  l i t t e r ;  f o r  example, in  in su la tin g  the  
l i t t e r  from h ea t lo s s ;  by a c tu a lly  being p resen t in  th e  same compartment 
a s  the  l i t t e r ,  b u t o th e r sensory cues from the f a th e r  could have 
a f fe c te d  m aternal o r pup behaviour. I t  i s  p o ssib le  th a t  th e  mother 
a sso c ia ted  th e  sounds o r odours of the f a th e r  w ith a c tu a l  p a te rn a l 
presence and behaved in  a  way which resembled the normal m aternal 
behaviour which was d isp layed  when the f a th e r  was p re se n t. This would 
exp lain  why th e re  was more m aternal n e s t  a ttendance in  the  FLE mothers 
than th e  NOF. Ihe pups lik ew ise  may have re g is te re d  p a te rn a l presence 
through au d ito ry  and o lfa c to ry  communication from the  f a th e r ,  and 
through consequent behavioural changes, may have provided a  d i f f e r e n t  
stim ulus output to  the  mother. Such changes in  the l i t t e r  caused 
by the f a th e r  would very l ik e ly  evoke changed m aternal behaviour.
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For the h ig h e s t m aternai n e s t  a ttendance sc o re s , however, the 
f a th e r  needed to  be a c tu a lly  p resen t w ith  th e  mother suid l i t t e r .
Ib is  may in d ic a te  th a t  a  combination o f mechanisms were causing the  
f a th e r 's  e f f e c t  on m aternal behaviour. Whereas mechanisms involv ing  
the f a th e r 's  d i r e c t  presence a re  more l ik e ly  and more p la u s ib le , i t  i s  
p o ssib le  th a t  an a u d ito ry /o lfa c to ry  mechanism was a ls o  o p era tin g . 
P a ren ta l u ltrasound  production in  rodents has received  some a t te n t io n  
(Okon 1970b; S ales 1972b) as  has a d u lt  male rodent odour production 
(S toddart 1976; Wilson 1970). S co tt & P fa ff  (1970) found th a t  female 
mice spen t more time s n if f in g  tubes con ta in ing  u rin e  from normal males 
than tubes con tain ing  u rin e  from c a s tra te d  m ales, showing a  female 
in te r e s t  in  male odours. F u rth er work in v e s tig a tin g  in te r -p a re n t  
a u d ito ry /o lfa c to ry  communication would now be most p r o f i ta b le .
Regardless o f the  mechanism, the e f f e c t  of the f a th e r 's  presence 
was to  cause the  o ffsp rin g  to  have more co n tac t w ith the  mother than  
when the fa th e r  was ab sen t. This in creased  con tac t would re p re se n t 
a  g re a te r  amount of t a c t i l e  s tim u la tio n , therm al in s u la tio n  and suck ling  
opportun ity  fo r  the  developing pups, which may have been p a r t ly  
resp o n sib le  fo r  changes seen in  pup behaviour when reared  in  the 
presence o f the  f a th e r  in  th e  main experim ent.
An increased  d isp la y  o f m aternal behaviour in  the  presence o f the 
f a th e r  was a lso  extended to  n e s t  co n stru c tio n  (F ig . 6 .2 0 ) , where the 
FRI mean score was s ig n if ic a n tly  g re a te r  than th e  NOF mean sco re .
Ibe m other's  non-caretak ing  a c t iv i ty  scores a ls o  r e f l e c t  th i s  same 
p a tte rn , s ince  the FRI mean was s ig n if ic a n tly  sm aller than both the 
FLE and the  NOF means (F ig . 6 .2 1 ) . An examination o f the suck ling  
means f o r  the  pups rev ea ls  the same p a tte rn  (F ig . 6 .2 9 ) . Ihe FRI mean 
was s ig n if ic a n tly  g re a te r  than the  NOF mean, which in d ic a te s  th a t  pups
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were ab le  to  take advantage of the  ex tra  suck ling  opportun ity  provided by 
the increased  n e s t attendance o f the mother. With the  m other's  n e s t 
c o n s tru c tio n , the m other's  non-caretak ing  behaviour, and the  pups' 
suck ling  an a ly ses, the FLE means were la rg e r  than the NOF means.
Ih is  would tend to  lend support to  the claim  fo r  the ex is ten ce  of 
au d ito ry  o r o lfa c to ry  communication between the fa th e r  and the  mother 
housed in  d i f f e r e n t  compartments.
Increased  n e s t co n stru c tio n  in  the  FRI mothers compared to  the NOF 
mothers would work in  the d ire c tio n  of minimizing h ea t lo s s  from the 
l i t t e r .  Sealander (1932) found th a t  n e s t bu ild in g  increased  the 
to le ra tio n  of extrem ely low tem peratures in  deer mice. F ig . 6 .20 
shows th a t  n e s t  b u ild in g  i s  more l ik e ly  a t  an increased  pup a^e in  the 
FRI m others, compared to  the o th e r two groups. Ih is  may n o t, however, 
be a  d i r e c t  response to  p a te rn a l in flu en c e , bu t in s tead  a  response to  
o ffsp rin g  s tim u la tio n  which has, i t s e l f ,  been a lte re d  by the f a th e r 's  
presence. One p o ssib le  candidate fo r  th is  would be increased  u l t r a ­
sound production in  pups exposed to  the  f a th e r .  This does n o t 
n e c e ssa rily  c o n tra d ic t the e a r l i e r  suggestion th a t  the  f a th e r 's  presence 
would serve to  reduce cold-induced u ltra so u n d s. N oiro t ( 1972b) and 
Okon (1970a, 1970b) re fe r re d  to  two types o f u ltrasounds produced ty  
mouse pups. Gold-induced u ltrasounds were seen to  be d i f f e r e n t  from 
u ltrasounds caused by the recep tio n  o f t a c t i l e  s tim u la tio n  and d i f f e r e n t  
m aternal responses were evoked by each. P a te rn a l presence would tend to  
reduce cold-induced u ltrasound  production and in crease  those u ltraso u n d s 
produced by t a c t i l e  s tim u la tio n . I t  i s ,  however, the  form er type 
which appears to  evoke m aternal n e s t  b u ild in g  in  rodents (N o iro t 1972b), 
and th is  makes i t  u n lik e ly  th a t  the  increased  n e s t co h s tru c tio n  by the  
mother re su lte d  from h er response to  u ltra s o n ic  c a l ls  em itted  by the 
pups when they were d is tu rb ed  by the f a th e r .  B e ll e t  a l .  ( 1971 ) 
repo rted  th a t  d eer mice which were
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handled during th e i r  pre-weaning period  em itted  very obvious 
u ltraso u n d s which e l i c i t e d  increased  m aternal behaviour. This, 
however, may have been caused Ty coo ling , r a th e r  than by t a c t i l e  
s tim u la tio n . Another a sp ec t o f th e  r e s u l ts  which throws doubt on the 
u ltrasound  suggestion  i s  th a t  m aternal behaviour d iffe re n c e s  between 
the th ree  groups p e r s is t  f o r  alm ost the  e n t ire  record ing  period (F ig s . 
6 .1 8 , 6.20 and 6 .2 1 ) . U ltrasound production by pups i s  u n lik e ly  to  
account f o r  th ese  d iffe re n c e s  a t  an o ld e r  pup age (N o iro t 1974; Okon 
1970b; Richards I967) .
The above d iscu ssio n  has considered the p o s s ib i l i ty  th a t  th e  
f a th e r 's  e f fe c t  on th e  mother was mediated by changed pup behaviour, 
r a th e r  than by a  d i r e c t  e f f e c t  on the m other. R essler ( I 962) claimed 
th a t  mouse mothers a re  responsive to  su b tle  c h a ra c te r is t ic s  of th e  
o ffsp rin g . Ibe idea  th a t  p a te rn a l e f fe c ts  on m aternal behaviour 
could be mediated by th e  changed stim ulus c h a ra c te r is t ic s  o f the  l i t t e r ,  
as  proposed by Elwood & Broom (1978) in  g e rb i ls ,  i s  s t i l l  p la u s ib le  in  
lab o ra to ry  mice bu t th e  sensory m odality remains to  be in v e s tig a te d . 
Several o th e r  re p o rts  support th e  no tion  th a t  m aternal behaviour i s  
a f fe c te d  Ty the  stim ulus c h a ra c te r is t ic s  o f th e  l i t t e r ,  inc lud ing  
B arn e tt & Bum ( I 966, I967) ,  P r ie s tn a l l  (1973a), Richards (1966a ) ,  
R osenblatt & Lehrman ( I 963) and Young ( I 963) .
I t  would follow  th a t  i f  th e  mother was spending a  g re a te r  
p roportion  of time involved in  care tak in g  a c t i v i t i e s ,  then le s s  time 
would be a v a ila b le  f o r  s e lf -d ire c te d  behaviour such as  e a tin g , s e l f ­
grooming and ex p lo ra tio n . Ib is  i s  v e r if ie d  by the m other's  non- 
care tak ing  a c t iv i ty  d a ta  throughout the e n t i re  record ing  period  (F ig .
6 . 21) .
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An expected re la t io n s h ip  i s  observed between th e  'pup su ck lin g ' 
sco res and the  'm other in  n e s t ' sco res; e sp e c ia lly  a t  a  younger pup 
age when the l i t t e r  was r e s t r ic te d  to  the  n e s t  (compare F ig s. 6 .18  and 
6 .29) .  Lower sc o re s , however, were obtained fo r  pup suck ling  in  the 
NOF group than would have been a n tic ip a te d  on th e  b a s is  of d a ta  obtained 
from the main experim ent, where no s ig n if ic a n t  d iffe re n c e  was found due 
to  the  p a te rn a l presence f a c to r .  Ihe suckling  scores were lim ited  
by the  amount o f time the  mother spen t in  th e  n e s t ,  u n t i l  the  pups were 
ab le  to  leave th e  n e s t and approach the  mother them selves. Design 
d iffe re n c e s  between th e  main experiment and the S p l i t  Cage experiment 
include a d i f f e r e n t  cage u n i t  and an e a r l i e r  onset o f th e  recording 
p erio d . Ihese d iffe ren ce s  may account f o r  d iffe ren c es  between the  
suck ling  scores f o r  the two experim ents. Ihe c h a ra c te r is t ic s  o f the 
S p l i t  Gage design may have, in  some way, caused the d e f la te d  NOF 
m aternal n e s t  a ttendance and suck ling  sc o re s . Ihe g re a te r  v isu a l 
access p resented  to  a  humaui observer w ith  th i s  cage, may have evoked 
a h igher euixiety le v e l  in  the  m other, which in  tu rn  could have m odified 
m aternal behaviour. Ihe o th e r co n s id e ra tio n , of record ing  tim e, i s  
im portan t. Behaviour between day 3 and day 9 was n o t recorded in  the 
main experim ent, y e t th i s  rep resen ted  th e  pup age when the  g r e a te s t  
d iffe re n c e  between the  th ree  groups was found in  th e  S p l i t  Gage 
experim ent. Even though the suck ling  time of th e  NOF pups was reduced 
in  comparison w ith  th e  FRI pups, th e re  was no corresponding body weight 
reduction  on day 30« From th is  measure, th e re fo re , th e re  i s  no in d ica ­
tio n  th a t  a  permanent in h ib it io n  o f development was caused by the  sm alle r 
amount o f tim e spen t in  su ck lin g . An examination o f F ig . 6 .3O rev ea ls  
th a t  decreased suck ling  was n o t compensated f o r  by increased  in g es tio n  
o f so lid  food in  the  NOF pups.
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No s ig n if ic a n t  d iffe ren ce s  were found "between the th ree  groups 
fo r  m aternal s tim u la tio n  o f pups. Ih is  a c t iv i ty  a rea  included such 
s p e c if ic  a c t i v i t i e s  as l ic k in g  and grooming which a re  considered to  be 
expressions of m aternal behaviour (Hatton & Meyer 1973; Leblond 194-0; 
Reisbick e t  a l .  1975)" Whereas the f a th e r 's  presence a ffe c te d  m aternal 
behaviour, i t  did n o t a f f e c t  a l l  types of i t .  This h ig h lig h ts  the need 
to  measure sev era l asp ec ts  of m aternal behaviour ra th e r  than to  assume 
th a t  any one w il l  be ty p ic a l of them a l l .  Gro ta  & Ader ( 1 9 6 9 ) #  fo r  
example, measured the time th a t  a  la c ta t in g  r a t  spen t w ith i t s  l i t t e r  
a s  an in d ic a tio n  of m aternal behaviour. Hinde (1959) cautioned 
a g a in s t the in d isc rim in a te  use of u n ita ry  concepts o f d r iv e  which 
propose th a t  d i f f e r e n t  behavioural c h a ra c te r is t ic s  depend on the same 
fe a tu re s  of an underlying mechanism. Elwood (1979%) commented th a t  
m aternal behaviour was n o t a u n ita ry  process in  g e rb ils  since  th ere  
was a negative  c o rre la tio n  between some d i f f e r e n t  m aternal a c t i v i t i e s .  
S lo tn ick  ( 1 9 6 7 )  concluded th a t  the  term 'm aternal behaviour' d id  n o t 
re p re se n t a  u n ita ry  behavioural p rocess, a f t e r  studying care tak ing  
behaviour in  female r a t s .
In  summary, d iffe re n ce s  in  m aternal behaviour due to  p a r t ia l  and 
to t a l  p a te rn a l presence a re  dem onstrated in  the 'm other in  n e s t ' ,  
'm other, n e s t  c o n s tru c tio n ' and 'm other, non-caretak ing  a c t i v i t y ' d a ta . 
Elwood & Broom (1978) found th a t ,  in  g e rb i ls ,  in  the presence of the 
f a th e r ,  the mother sn if fe d  the pups le s s  and n e s t b u i l t  l e s s .  Ih is  
in d ic a te s  th a t  th e re  was le s s  m aternal behaviour ex h ib ited  in  the 
f a th e r 's  presence. There were, however, no s ig n if ic a n t  d iffe re n c e s  
between the  amounts of time the mother spen t in  the n e s t and in  co n tac t 
w ith th e  pups when the fa th e r  was p re se n t, compared to  when he was 
ab sen t. Dudley ( 1974b) found th a t  the mother C a lifo rn ia  mouse spen t 
more time in  the  n e s t  when the f a th e r  was n o t p resen t; the  very opposite
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to  the r e s u l t  found in  my own experiment* Such a d iffe re n c e  may have 
been caused by the spec ies  d iffe re n c e  in  the two experim ents. When 
P r ie s tn a l l  & Young (1978) in v e s tig a te d  the  e f fe c t  o f th e  a d u lt  male 
on m aternal behaviour in  lab o ra to ry  mice, however, they concluded th a t  
the male had very l i t t l e  in flu en ce  on the  fem ale 's  ca re tak in g  behaviour. 
There were no s ig n if ic a n t  d iffe ren ce s  between mothers housed w ith  o r 
w ithout the  male fo r  n u rsin g , r e tr ie v in g , l ic k in g , n e s t  b u ild in g  and 
tim e spen t in  the  n e s t .  Two d iffe re n c e s  between th is  experiment and 
th e  S p l i t  Cage experim ent, which may account f o r  d iffe re n c e s  between 
the  two s e ts  of r e s u l t s ,  a re  th e  p a r i ty  of th e  mothers and the s t r a in  
o f mouse used . A ll mothers were prim iparous in  P r ie s tn a l l  & Young's 
experim ent whereas they were m ultiparous in  my own. They a lso  used 
the CFLP s t r a in  in  comparison w ith  th e  BALB/c s t r a in  used in  the S p l i t  
Cage experim ent.
P a te rn a l Behaviour. Not s u rp r is in g ly , the f a th e r  spen t 
s ig n if ic a n t ly  more time in  the  n e s t w ith  th e  pups, more time 
s tim u la tin g  pups and le s s  time involved in  non-caretak ing  behaviour 
when housed in  the r ig h t  hand compartment w ith  the mother and l i t t e r ,  
compared to  when the f a th e r  was housed in  the  l e f t  hand compartment.
A ll of th ese  r e s u l ts  were determ ined "by the f a c t  th a t  pups spen t more 
time in  the r ig h t  hand compartment than the l e f t .  A number o f 
in te re s t in g  p o in ts  emerge, n e v e rth e le ss , from the  reco rds o f the 
f a th e r 's  a c t i v i t i e s .  F ig s. 6 .22 and 6.23 rev ea l a  sudden emergence 
o f care tak ing  behaviour in  the FLE mean scores on days 5 /6 . I h is  was 
caused by the fa th e r  managing to  p u ll  a  pup through one o f th e  pup 
f i l t e r  ho les from the mother compartment and occurred in  two o f the  
fo u r re p l ic a te s  a t  th i s  tim e. At no o th e r time was th is  observed 
because the  chance o f a  pup being c lo se  to  a  pup f i l t e r  hole was rem ote. 
In  most cases the mother e s tab lish ed  the  n e s t  w ell away from the  pup
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f i l t e r  d iv id e r . On one o f the occasions when th is  d id  occur, the  
f a th e r  and the mother were both attem pting  to  p u ll  the pup in to  th e i r  
own compartment. E ventually  the f a th e r  was su ccessfu l and re tr ie v e d  
the pup to  h is  own n e s t .  In  the n e s t ,  the  fa th e r  adopted a  posture  
c h a ra c te r is t ic  o f the  m other's  nu rsing  p o s itio n  and remained th e re  fo r  
some tim e. This again  dem onstrates the  read iness o f th e  f a th e r  to  
d isp lay  ca re tak in g  behaviour. Elwood (1957b) explained th a t  a g e rb il  
f a th e r ,  i f  prevented from having access to  the l i t t e r  hy th e  mother, 
may remove young pups and b u ild  h is  own n e s t .  N oiro t ( 1969b) repo rted  
th a t  a d u lt  lab o ra to ry  mice re tr ie v e d  as  re a d ily  as fem ales d id .
Once FLE pups began to  spend time in  the f a th e r  compartment, the 
f a th e r  immediately d isp layed  care tak ing  behaviour. N est co n s tru c tio n  
was increased  and th e re  was a  d isp lay  o f n e s t  a ttendance and pup 
s tim u la tio n  (F ig s . 6 .34  and 6.22 to  6 .2 4 ) . Although the  FLE fa th e r  
was deprived o f co n tac t w ith  th e  pups f o r  a  number o f days soon a f t e r  
t h e i r  b i r th ,  he would have been sub jec ted  to  a  barrage o f u ltraso u n d s 
and odours during  th is  p eriod . This sensory in p u t may have served 
to  m aintain  the f a th e r 's  read in ess  to  perform in  a  ca re tak in g  fash ion  
when the opportun ity  was p resen ted . Records o f the f a th e r 's  behaviour,
then , serve more to  dem onstrate th e  a c tiv e  ca re tak in g  ro le  of the f a th e r  
than to  throw l ig h t  on the lik e lih o o d  o f the m aternal m ediation ro u te  
fo r  the f a th e r 's  in flu en ce .
An examination o f the behaviour of th e  FRI f a th e rs  shows again  
th a t  ca re tak ing  behaviour i s  re a d ily  d isp lay ed , even in  the presence 
of th e  m other. In  f a c t  a h ig h er o v e ra ll mean value was obtained f o r  the 
fa th e r  in  comparison w ith the mother, f o r  s tim u la tin g  pups (F ig s . 6 . I 9 
and 6 .23) .  (This does n o t dem onstrate a p a te rn a l m ediation ro u te  fo r  
m aternal behaviour e f fe c ts  on pups, s in ce  the f a th e r 's  ca re tak in g
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behaviour was ju s t  as  ev iden t in  the absence o f th e  m other).
P r ie s tn a l l  & Young (1978) found th a t  male lab o ra to ry  mice d isp layed  
as much care tak ing  behaviour as fem ales.
The a n a ly s is  conducted on the time spen t by FBI p aren ts  in  the n e s t 
revealed  th a t  both paren ts  were in  the  n e s t  to g e th e r f o r  a  s ig n if ic a n tly  
g re a te r  p roportion  o f the  tim e than e i th e r  the f a th e r  o r the  mother 
were in  th e  n e s t  a lo n e . For the  tim es when only one p aren t was in  the 
n e s t ,  th e re  was an in v erse  r e la tio n s h ip  between 'f a th e r  o n ly ' and 
'm other o n ly ' sco res  (F ig . 6 .2 6 ) . No s ig n if ic a n t  d iffe re n c e  was found 
between the amount o f tim e spen t by -üie mother alone and the f a th e r  
a lo n e , in  the  n e s t .  Elwood ( I 983) commented on the time spen t in  the 
n e s t  by roden t f a th e rs .  For the  lab o ra to ry  mouse, he repo rted  th a t  the  
a d u lt  male spends in c reas in g ly  more time in  th e  n e s t during  the  f i r s t  
h a lf  o f the pre-weaning period  and spends more time than the fem ale 
during  the  second h a l f .  This d e sc rip tio n  resembles my own d a ta  as 
revealed  by a  comparison of F ig s . 6 .18  and 6 .2 2 . Dudley (1974b) found 
in  C a lifo rn ia  mice th a t  each p aren t sp en t more time in  the n e s t  when 
the o th e r p aren t was out o f the n e s t ,  and th a t  the  f a th e r  spen t as much 
time in  the n e s t  as the m other. Waring & Perper ( 198O) obtained s im ila r  
r e s u l ts  w ith g e r b i ls .  Once again  c e r ta in  s im i la r i t ie s ,  bu t a lso  
d if fe re n c e s , e x is t  between the su b je c t sp e c ie s . Spencer-Booth (1970) 
rep o rted  th a t  f a th e rs  in  sev e ra l roden t sp ec ies  were k ep t away from the 
n e s t  by the  mother during  the  f i r s t  few postpartum days. This was 
e sp e c ia lly  tru e  in  the  dormouse (G lis  g l i s ) and in  Peromyscus spp.
Elwood ( 1975b) a lso  observed f a th e r  exclusion  from the  n e s t  by th e  
mother in  g e rb i ls .  This does n o t appear to  be the case in  the 
lab o ra to ry  mouse s in ce  the FEE fa th e r  was ab le  to  d isp lay  care tak in g  
behaviour from th e  beginning of th e  reco rd ing  period which was a t  a 
very e a r ly  pup age.
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Pup Behaviour. The 'pups w ith p a re n t ' da ta  show th a t  FRI pups 
have a  s ig n if ic a n t ly  g re a te r  o v e ra ll mesin than FLE pups and th a t  FLE 
pups have a  s ig n if ic a n t ly  g re a te r  o v e ra ll mean than NOF pups (Table 
6 .28  and Fig 6 .2 8 ) . This l a t t e r  r e s u l t  i s  n o t su rp r is in g , given the 
design o f th e  experim ent. Since both paren ts  d isp lay  care tak ing  
behaviour, pups rece iv in g  th e  most p a re n ta l co n tac t would be l ik e ly  to  
rece iv e  most care tak ing  behaviour and to  r e f l e c t  th is  in  th e i r  
developmental behaviour. An examination o f the o th e r pup a c t iv i t i e s  
rev ea ls  the ex ten t to  which behaviour and development was a ffe c te d  by 
the f a th e r 's  p o s itio n .
FRI pups spen t more time out o f the  n e s t  than NOF pups (Table 6 .27) 
and a lso  began to  leave the  n e s t e a r l i e r  than the o th e r  two groups 
(F ig . 6 .27) .  This i s  c o n s is te n t w ith  th e  main experim ent where pups, 
ra ise d  by m ultiparous mothers and in  the presence of the  f a th e r ,  spen t 
le s s  time in  the n e s t than o th er groups. Since pups spend le s s  time 
in  the n e s t w ith in c reasin g  pup age and development, th i s  r e s u l t  may 
in d ic a te  th a t  pups having most access to  the fa th e r  were developing 
a t  a f a s t e r  r a te .  Also in  common w ith the main experim ent r e s u l t s ,  
the  ea tin g  s o lid  food scores were h igher in  the  FRI pups than the NOF 
pups (Th.ble 6 .3O and F ig . 6 .30) .  Since the  onset o f th i s  a c t iv i ty  
i s  a  developmental m ilestone , a c c e le ra ted  development may again  be 
in d ic a te d  by th i s  r e s u l t .
Returning again  to  the main experiment fo r  comparison purposes, 
a h ig h er incidence o f exp lo ra to ry  behaviour was a sso c ia te d  w ith  the  
presence of the f a th e r .  This, a g a in , i s  r e f le c te d  in  th e  S p l i t  Gage 
r e s u l ts  where the FRI pups spen t a  g re a te r  p roportion  of time involved 
in  exp lo ra to ry  behaviour than th e  FLE pups (Table 6 .32  and F ig . 6 .32) .
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For th e  'pups in  the  l e f t  compartment* r e s u l t ,  the  FLE pups 
obtained a  s ig n if ic a n t ly  g re a te r  o v e ra ll mean score than the NOF pups 
(% b le  6 , 34) .  This would in d ic a te  th a t  the fa th e r  c o n s titu te d  an 
a t t r a c ta n t  to  th e  pups, perhaps because o f the  odours produced by the 
f a th e r .  A lte rn a tiv e ly , the  care tak ing  behaviour provided by the  fa th e r  
may have re in fo rced  the pups* behaviour of v is i t in g  th e  f a th e r 's  
compartment.
In  common, ag a in , w ith  th e  main experim ent, the  f a th e r 's  presence 
d id  n o t s ig n if ic a n t ly  a f f e c t  the pup locomotor behaviour sco res . An 
examination of F ig . 6 .31 , however, rev ea ls  an in te re s t in g  age tren d  fo r  
the FRI and the NOF pups. Whereas pup locomotor sco res in c rease  w ith 
age in  th e  form er, they d ec lin e  in  the l a t t e r .  This d iffe re n c e  would 
be worthy o f c lo se r  examination in  the fu tu re .
Three o f the day 30 sco res showed s ig n if ic a n t  d if fe re n c e s . Open 
f ie ld  in n e r  compartment am bulation scores were h ig h er in  the FRI su b jec ts  
than the FLE (Table 6 .36) .  In  the main experim ent, th i s  a c t iv i ty  was 
involved in  a  th ree  way in te ra c t io n  where the  g re a te s t  mean value was 
obtained by the 7-P 3>F group. The f a th e r 's  presence would appear to  
be asso c ia ted  w ith  a  read iness  on the p a r t  of the o ffsp rin g  to  ambulate 
in  the c e n tra l  a rea  of th e  f i e ld ,  which req u ire s  leav ing  the  w alls  
of th e  ap p ara tu s. An anomalous r e s u l t  i s  th a t  o f th e  NOF pups which 
obtained a h ig h er score than the FLE pups fo r  in n e r  compartment 
am bulation.
Latency to  d efaecation  was s ig n if ic a n t ly  g re a te r  in  the  FRI 
su b jec ts  than the  FLE o r  th e  NOF su b jec ts  (ifeible 6 .38) .  Latency to  
u r in a tio n  was s ig n if ic a n tly  le s s  in  the  NOF su b je c ts  than the  FLE o r 
the FRI su b jec ts  (Thble 6 .4 0 ). I t  would appear th a t  in creased  exposure
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to  the f a th e r  r e s u l t s  in  increased  la ten cy  to  e lim in a tio n  scores fo r  
the  s u b je c ts . The open f i e ld  scores provided evidence th a t  the 
p o s itio n  of the f a th e r  a f fe c te d  the  manner in  which the  o ffsp rin g  
responded to  a  novel environment.
On the b a s is  o f th e  two previous experim ents, i t  would be 
expected th a t  body w eights would be re la te d  to  the amount of p a te rn a l 
in flu en ce  received by the  s u b je c ts . In  a l l  th ree  experim ents, the 
presence of the f a th e r  was asso c ia ted  w ith  the  p rov ision  o f therm al 
in su la tio n  and t a c t i l e  s tim u la tio n . I t  was considered th a t  these  two 
asp ec ts  of care tak in g  behaviour could have been resp o n sib le  f o r  increased  
body mass o f pups a t  day 30. Although the  pups' body weights were 
g re a te s t  in  th e  FRI cond ition  and low est in  the  NOF cond ition  (F ig .
6 .4 2 ) , the d iffe re n c e s  between the  th re e  groups were n o t s ig n if ic a n t  
(Ib.ble 6 .4 2 ) .
Conclusions
For the m aternal m ediation argument to  ho ld , the r e s u l ts  from the 
S p l i t  Cage experiment would need to  show bo th , th a t  th e  m other's  
behaviour was d i f f e r e n t ,  and th a t  the pups' behaviour was d i f f e r e n t ,  
under the th ree  co n d itio n s. Both of th ese  s e ts  o f d iffe re n c es  were 
apparen t in  the r e s u l t s .  The experiment showed th a t  m aternal 
behaviour was a l te r e d  by the presence o r  absence o f the  f a th e r .  The 
f a th e r 's  presence was a sso c ia ted  w ith  high 'i n  n e s t ' and 'n e s t  
c o n s tru c tio n ' sco res  and low 'n o n -ca re tak in g ' sc o re s , f o r  the m other.
The most obvious e f f e c t  was found when the  f a th e r  was p re se n t w ith  th e  
mother, b u t an e f f e c t  was s t i l l  apparen t when only au d ito ry  and 
o lfa c to ry  communication between the two p a ren ts  was p o ss ib le . The 
fa th er-in d u ced  change in  m aternal behaviour was l ik e ly  to  a f f e c t  the
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o ffsp rin g  s in ce  i t  involved an increased  d isp lay  o f some m aternal 
ca re tak ing  a c t i v i t i e s .  The o ffsp rin g  's  behaviour was a ffe c te d ; and 
to  add support to  the  suggestion  th a t  the m aternal m ediation e f f e c t  
co n trib u ted  to  the main experiment r e s u l t s ,  th e re  was s im ila r i ty  between 
the  o ffsp rin g  r e s u l t s  of the  main experiment and the S p l i t  Gage experi­
ment. In  both experim ents, the f a th e r 's  presence was a sso c ia ted  w ith 
e levated  's o l id  fo o d ' and 'e x p lo ra to ry ' sco res and depressed 'i n  n e s t ' 
sco res . Also in  the  S p l i t  Gage experim ent, the 'w ith  p a r e n t ',  
's u c k l in g ',  'in n e r  compartment am bulation ' ,  'la te n c y  to  d e fae ca tio n ' 
and 'la te n c y  to  u r in a t io n ' mean scores were g re a te r  in  the  FHI 
condition  than o th e r  co n d itio n s.
In  ad d itio n  to  dem onstrating the  ex isten ce  o f a  m aternal m ediation 
e f f e c t ,  the  S p l i t  Gage experiment a lso  re in fo rced  a  conclusion drawn 
from the S p l i t  L i t t e r  experim ent, which was th a t  the  f a th e r  lab o ra to ry  
mouse d isp lay s  an ex tensive range o f ca re tak in g  a c t iv i t i e s  and th a t  
th i s  must a lso  co n trib u te  to  th e  p a te rn a l presence e f f e c t  on mouse pup 
developmental behaviour.
With few excep tions, th e re  was c lo se  consistency  between the r e s u l ts  
o f the  main experim ent, the S p l i t  L i t t e r  experiment and the S p l i t  Gage 
experim ent.
Evidence i s  provided by the S p l i t  Gage experim ent f o r  the  ex is ten ce  
o f the m aternal m ediation ro u te  o f p a te rn a l in flu en ce . Together, the 
S p l i t  L i t t e r  experiment and the S p l i t  Gage experim ent, provide support 
f o r  both p a te rn a l e f fe c t  hypotheses. The f a th e r  would appear to  
in flu en ce  pup development by both a d i r e c t  ro u te  and by a m aternal 
m ediation ro u te .
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4 . Chapter Summary
1 . Two experim ents were conducted to  in v e s tig a te  th e  p o s s ib i l i ty  
th a t  the f a th e r  a ffe c te d  lab o ra to ry  mouse pups* behaviour and 
development by:
(a )  a  d i r e c t  ro u te , and
(b) a  m aternal m ediation ro u te .
2 . The S p l i t  L i t t e r  experiment sub jec ted  members o f a  l i t t e r  to  a 
p a r t ic u la r  p a ren ta l in flu en ce  fo r  a len g th  of time each day during the 
pups* pre-weaning p e rio d . The p a re n ta l in flu en ces were exposure to  the  
mother only , exposure to  th e  f a th e r  only and no exposure to  e i th e r  p a ren t.
3 . The S p l i t  L i t t e r  experiment dem onstrated the  ex isten ce  of a  d i r e c t  
ro u te . In  the absence o f the mother, th e  f a th e r  d isp layed  a  range of 
ca re tak in g  a c t i v i t i e s  very s im ila r  to  those ex h ib ited  by the m other.
Of sp e c ia l i n t e r e s t ,  was the  therm al in su la tio n  and the t a c t i l e  
s tim u la tio n  received  by the o ffsp rin g  from the  f a th e r .
4 . The measurement o f a  number o f pup a c t iv i t i e s  in  the  S p l i t  L i t t e r  
experiment revealed  th a t  the f a th e r 's  in te ra c t io n  w ith  the  pups caused 
changes in  the  pups' developmental behaviour. The pup measures 
a f fe c te d  were 'p rox im ity  to  p a r e n t ',  'locom otor b e h a v io u r ', 's n i f f i n g ',  
'h e a d - l i f t in g ',  'open f ie ld  d e fa e c a tio n ' and body w eight.
5 . The S p l i t  Cage experiment caused pups to  be rea red  in  th re e  
d i f f e r e n t  conditions regard ing  the  p o s itio n  of the f a th e r .  In  th e  f i r s t  
s i tu a t io n  the f a th e r  was placed in  the same cage compartment as the 
mother and l i t t e r .  In  the second s i tu a t io n  the  f a th e r  was placed in
an ad jo in in g  cage compartment where only the pups could have access to
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him. In  the th ird  s i tu a t io n  the  fa th e r  was removed com pletely.
6 . In  the S p l i t  Gage experiment an increased  d isp lay  o f behaviour was 
e l ic i te d  by the presence o f the f a th e r .  P hysical co n tac t w ith the  
fa th e r  was n o t necessary  f o r  th is  e f f e c t  on the m other, although i t  
d id  in c rease  the e f f e c t .  Since th is  changed m aternal behaviour, due 
to  the presence o f the f a th e r ,  appeared in  tu rn  to  a f f e c t  the pups, 
i t  was suggested th a t  a m aternal m ediation e f f e c t  was o p e ra tin g .
7» Some evidence was provided by the S p l i t  Gage experim ent to  support 
the idea  th a t  in  th is  t r i a d ic  in te ra c t io n , some in te r-an im al 
communication proceeded through au d ito ry  o r o lfa c to ry  ro u te s .
8 . I t  was concluded th a t  th e  lab o ra to ry  mouse f a th e r  a f fe c te d  
o ffsp rin g  by both :
(a )  a d i r e c t  ro u te , and
(b) a  m aternal m ediation ro u te .
Chapter Seven  
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Chapter 7 
GENERAL DISCUSSION AND CONCLUSIONS
1. N oticeable P o in ts  A rising From the  Experiments
Looking acro ss  the r e s u l ts  of the d i f f e r e n t  experim ents, c e r ta in  
c o n sis ten c ies  a re  apparen t. The most n o ticeab le  p o in ts  to  emerge a re  
d isscussed  below.
( i )  The Rate of Development
Three p a r t ic u la r  f a c to rs  or groups of fa c to rs  appeared to  in c rease  
the r a te  o f development. The o ffsp rin g  in  the sm aller l i t t e r s  obtained 
a  s ig n if ic a n t ly  g re a te r  day 30 body weight mean than o ffsp rin g  in  
la rg e r  l i t t e r s .  This i s  l ik e ly  to  have been caused by the sm all- 
l i t t e r  pups' g re a te r  access to  p a ren ta l s tim u la tio n  than the  pups in  
the la rg e r  l i t t e r s .  Brumby ( I 96O), Eisen e t  a l .  (1977), Gates ( 1923) 
and P r ie s tn a l l  (1972) a l l  found th a t  mouse pups in  sm aller l i t t e r s  
experienced g re a te r  weight gains than pups in  la rg e r  l i t t e r s .
The in te ra c tio n  between the sm all l i t t e r  s iz e  and the m ultiparous 
mother appeared to  a c c e le ra te  c e r ta in  a sp ec ts  of behavioural development. 
Pups reared  under these  circum stances spen t s ig n if ic a n t ly  more tim e, 
o v e ra ll ,  out o f the n e s t ,  away from l i t te rm a te s ,  and re a r in g , than 
o th e r groups o f pups. I t  i s  l ik e ly  th a t  the m other's  changed behaviour, 
due to  experience, was only p e rcep tib le  to  pups in  a  sm all l i t t e r .  
L itte rm ate  com petition fo r  the  m other's  a t te n t io n  would have been 
lower in  sm all l i t t e r s  than in  la rg e  l i t t e r s .
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The f a th e r 's  presence was a lso  asso c ia ted  w ith f a s te r  behavioural 
and ph y sica l development. In  the main experim ent, pups reared  in  the 
presence o f the f a th e r  spen t s ig n if ic a n tly  more tim e, o v e ra ll ,  rea rin g  
and ea tin g  s o lid  food than pups w ithout the f a th e r  p re se n t. In  the 
S p l i t  Gage experim ent, pups reared  w ith the  g re a te s t  access to  the 
f a th e r  spen t s ig n if ic a n t ly  more time o v e ra ll ,  in  exp lo ra to ry  behaviour 
and ea tin g  so lid  food, than o th e r pups. In  the main experim ent, the  
body weight mean o f day 30 pups was s ig n if ic a n t ly  g re a te r  fo r  pups 
reared  in  the presence of th e  f a th e r .  F a s te r  development of o ffsp rin g  
reared  in  the  presence o f the  f a th e r  has been recognized in  the g e rb il  
(Meriones un g u icu la tu s) (Elwood & Broom 1978), the C a lifo rn ia  mouse 
(Peromyscus c a lifo m ic u s  ) (Dudley 1974a), and the lab o ra to ry  mouse 
(F u lle r to n  & Cowley 1971)•
( i i )  The F a th e r 's  Caretaking Behaviour
One o f the most n o ticeab le  a sp ec ts  o f the experim ental r e s u l ts  
was the ex tensive and re a d ily  d isp layed  range of ca re tak in g  behaviour 
provided by the f a th e r .  This was most obvious in  a l l  th ree  experim ents 
and was more apparen t in  th e  m other's  absence. The S p l i t  Cage experi­
ment showed th a t  the fa th e r  spen t as much time in  the  n e s t  w ith  the  
o ffsp rin g  as d id  the mother. P a te rn a l behaviour has been n o ticed  
p rev iously  in  the  lab o ra to ry  mouse (Leblond 1940; N oiro t 1964b, 
P r ie s tn a l l  & Young 1978) and in  rodents g en era lly  (Elwood I 983) .
The s tim u la tio n  received  by the pups from the f a th e r  i s  seen to  
provide the means f o r  a  d i r e c t  f a th e r  e f f e c t  on behaviour.
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( i i i )  The F a th e r 's  Proxim ity to  Pups in  a Small L i t t e r
In  the main experim ent, the  pups in  sm all l i t t e r s  spen t 
s ig n if ic a n t ly  more tim e, o v e ra ll ,  in  c lo se  proxim ity to  the f a th e r ,  
than pups in  la rg e  l i t t e r s .  This may in d ic a te  a g re a te r  propensity  
on the p a r t  o f the  fa th e rs  to  behave p a te rn a lly  towards s in g le  pups 
o r sm all groups o f pups. In  the S p l i t  L i t t e r  experim ent, where the 
f a th e r 's  d isp lay  o f care tak ing  behaviour was very pronounced, the 
f a th e r  was exposed to  only th re e  pups. The FLE f a th e r s ,  in  the  S p l i t  
Cage experim ent, a lso  re a d ily  d isp layed  care tak in g  behaviour i f  only 
one o r a  few pups came through the  pup f i l t e r  to  the f a th e r 's  
compartment. This c o n tra s ts  w ith  Elwood & Broom's (19?8) study where 
g e rb il  fa th e rs  spen t le s s  time in  co n tac t w ith the pups in  small 
l i t t e r s ,  compared to  la rg e r  l i t t e r s .
( iv )  The F a th e r 's  Proxim ity to  Pups Reared by a Less Experienced 
Mother
The main experiment showed th a t  the  pups reared  by prim iparous 
mothers spen t s ig n if ic a n tly  more tim e, o v e ra ll ,  c lo se  to  the  f a th e r  
compared to  those reared  by m ultiparous m others. The f a th e r  may w ell 
have been compensating fo r  inadequacies in  the mother due to  h er 
inexperience. I t  i s  o f in t e r e s t  to  no te  th a t  th i s  r e s u l t  rep resen ts  
the only m aternal experience main e f f e c t .  Although previous work 
(reviewed in  Chapter l )  has provided some evidence th a t  p a r i ty  in flu en ces  
m atem al behaviour, th i s  s in g le  m aternal experience main e f f e c t  i s  
c o n s is te n t w ith th e  r e s u l ts  of G rota (1973), Hartung & Dewsbury (1979), 
Moltz & Robbins ( I 965) and Waring & Perper (1979), who found th a t  p a r i ty  
had l i t t l e  o r no e f f e c t  on rodent m atem al behaviour. I t  should be 
no ted , however, th a t  although th e re  was only one m aternal experience
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main e f f e c t ,  th e re  were sev e ra l in te ra c tio n s  involving m aternal 
experience in  my own r e s u l ts  (see  sec tio n  7» below ).
(v) The F a th e r 's  E ffec t on Pups* Exploratory Behaviour
O ffspring  exp lo ra to ry  a c t i v i t i e s  were displayed more in  the presence 
of the f a th e r  than in  h is  absence. This was the case fo r  h e a d - l if t in g  
and rea rin g  in  the main experim ent, f o r  s n if f in g  and h e a d - l i f t in g  in  
the S p l i t  L i t t e r  experim ent, and fo r  exp lo ra to ry  behaviour in  the 
S p l i t  Cage experim ent. F u rth e r, sm all l i t t e r s  in  the  main experiment 
were ch a rac te rized  by both a  la rg e  'proxim ity  to  f a th e r ' mean score 
and a  high 'h e a d - l i f t in g ' mean sco re . A lso, s m a l l - l i t t e r  pups reared  
by a  prim iparous mother and w ith  the  f a th e r  p re se n t, were ch a rac te rize d  
by high 's n i f f in g ' sco re s . I t  i s  l ik e ly  th a t  th ese  exp lo ra to ry  
a c t i v i t i e s  were pup responses to  odours produced by the  f a th e r .  A dult 
male odours have been found to  a c c e le ra te  physica l development in  
female mouse pups (F u lle r to n  & Cowley 1971)•
(v i)  The M atem al M ediation E ffe c t
In  view of sev e ra l in te ra c tio n s  involv ing  m atem al experience and 
p a te rn a l presence, which emerged from the main experim ent, i t  seems 
l ik e ly  th a t  m atem al behaviour could be m ediating th e  e f fe c ts  o f the  
f a th e r .  For example, pups ra ise d  by a  m ultiparous mother and w ith 
the f a th e r  p re sen t, spen t s ig n if ic a n tly  more tim e, o v e ra ll ,  out o f  th e  
n e s t  than the  o th e r groups. The S p l i t  Cage experiment dem onstrated 
th a t  asp ec ts  of m atem al behaviour were in te n s if ie d  by th e  presence o f 
the  f a th e r  and th a t  the  consequent behaviour of pups was a l te r e d  in  a  
s im ila r  way to  th a t  noted in  the  main experim ent. The m aternal m ediation 
ro u te  provided a  second rou te  o f in flu en ce  fo r  the f a th e r  to  a f f e c t  
o ffsp rin g  behaviour.
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( v i l )  In te ra c tio n s  Involving M atem al Experience
One o f the most s tr ik in g  asp ec ts  of th e  main experim ent was th a t  
the  s ig n if ic a n t  in te ra c tio n s  which emerged, a l l  involved m aternal 
experience. This would in d ic a te  th a t  m atem al experience e i th e r  
mediated the  e f f e c t  of some of th e  o th er fa c to rs  or exerted  i t s  e f fe c t  
by the  m ediation o f some of the o th e r fa c to rs .  Several three-way 
in te ra c tio n s  emerged, showing th e  importance o f considering  th e  
re la t io n s h ip  between the  th ree  so c ia l f a c to r s .  When studying any one 
o f the th re e  f a c to r s ,  i t  would be im portant to  e i th e r  re p re se n t o r 
co n tro l the o th e r two fa c to rs  in  the experim ental design . I t  i s  
in te re s t in g  to  no te  th a t  no combination of fa c to rs  was excessively  
d e trim en ta l to  mouse pup development. Behavioural development was 
a f fe c te d  by a l l  th ree  f a c to rs  and by in te ra c tio n s  between the f a c to r s ,  
b u t no la rg e  d e f ic i t s  in  consequent behaviour were ever observed.
2 . Anomalies W ithin the Three Experiments
The above sec tio n  has in d ica ted  the  co n s is ten c ie s  which e x is t  
between th e  r e s u l ts  from the th re e  experim ents. C erta in  anom alies 
do e x is t ,  however, and i t  would be worthwhile to  consider th e se .
Body weight d a ta  from th e  main experiment and th e  S p l i t  L i t t e r  
experim ent supported the hypothesis th a t  th e  presence o f th e  f a th e r  
causes the physica l development o f the o ffsp rin g  to  proceed more 
ra p id ly . No c le a r  confirm ation i s  provided, however, by the  S p l i t  
Cage experiment r e s u l t s .  In  the  main experim ent, th e  mean 'day 30 
body weight ' f o r  pups exposed to  the f a th e r  was s ig n if ic a n t ly  g re a te r  
than th a t  f o r  pups reared  w ithout the  f a th e r  p re sen t. In  the  S p l i t  
L i t t e r  experim ent, two groups of o ffsp rin g  (F and NP) were
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tem porarily  mother -  deprived and, one might have p re d ic te d , l ik e ly  to 
show depressed body w eights. The r e s u l ts  in d ic a te d , however, th a t  
pups exposed to  the fa th e r  ( f ) showed no s ig n if ic a n t  depression  of 
body weight compared to  the pups exposed a l l  o f the time to  the mother, 
(M), a  s im ila r  r e s u l t  to  th a t  o f Dudley (I9?4a) on the C a lifo rn ia  mouse. 
On the b a s is  of th ese  r e s u l t s ,  from the  main experiment and the  S p l i t  
L i t t e r  experim ent, i t  might be expected th a t  the  FRI pups* mean body 
w eight would be s ig n if ic a n tly  g re a te r  than th a t  of the NOF pups in  the 
S p l i t  Cage experim ent. Although th e  d iffe re n c e s  in  body w eight in  
the S p l i t  Gage experiment were in  the expected d ire c tio n  ( th a t  i s ,
NOF < FLE < FRi), they were n o t s ig n if ic a n t .  This fin d in g  th a t  
p a te rn a l presence had no s ig n if ic a n t  e f f e c t  on o ffsp rin g  body weight 
agrees w ith  th e  r e s u l ts  o f P r ie s tn a l l  & Young (1978) on lab o ra to ry  
mice, b u t f a i l s  to  support th e  body w eight d a ta  from e a r l i e r  experiments 
in  th i s  p ro je c t. F u rther study would be valuab le  to  examine th is  
d iffe re n c e  between the r e s u l t s ,  and to  c la r i f y  the ex ten t to  which 
p a te rn a l presence a f f e c ts  o ffsp rin g  body w eights.
The m aternal m ediation o f the f a th e r 's  in flu en ce  on the  o ffsp rin g  
was fea tu red  in  the S p l i t  Cage experim ent. The presence o r  absence 
o f the f a th e r  markedly a ffe c te d  the  d isp lay  o f m aternal behaviour.
In  the presence o f  the fa th e r  (FR I), mothers spen t s ig n if ic a n t ly  more 
tim e, o v e ra ll ,  in  the  n e s t and involved in  n e s t co n s tru c tio n ; and 
s ig n if ic a n t ly  le s s  tim e, o v e ra ll ,  involved in  non-caretak ing  a c t iv i t i e s ;  
compared to  mothers w ithout a  f a th e r  p resen t (NOF). A lso, w ith  th e  
f a th e r  p resen t (FR I), pups spen t a  s ig n if ic a n t ly  g re a te r  period  of tim e, 
o v e ra ll ,  suck ling , compared to  pups w ithout the  f a th e r  (FLE). I t  
would be expected th a t  th ese  d iffe ren ce s  would be r e f le c te d ,  to  a 
g re a te r  e x te n t, in  the main experiment r e s u l t s ;  y e t here th e  p a te rn a l 
presence fa c to r  d id  n o t s ig n if ic a n tly  a f f e c t  e i th e r  the 'p rox im ity
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to  mother* or the  's u c k lin g '  mean sco res . D iffe ren t experim ental 
designs may have been resp o n sib le  fo r  th is  anomaly, bu t fu r th e r  
experim ental work w il l  be req u ired  to  e i th e r  confirm o r re fu te  th is  
su sp ic io n .
W ithin each experim ent, the  open f ie ld  t e s t  r e s u l ts  were u se fu l 
f o r  making comparisons between the e f fe c ts  o f d i f f e r e n t  trea tm en ts .
Some in te r-ex p erim en t comparisons were a lso  p o ss ib le ; f o r  example, pups 
exposed to  the f a th e r  in  both th e  main experiment and th e  S p l i t  L i t t e r  
experiment obtained a  s ig n if ic a n tly  la rg e r  open f ie ld  defaeca tion  mean 
score than pups having no access to  the  f a th e r .  Very l i t t l e  
consistency  was apparen t, however, ac ro ss  the th ree  experiments in  the 
o th e r open f ie ld  sco res . The t e s t  would have been even more valuab le  
i f  a d d itio n a l in ter-experim en t co n s is ten c ies  had been ap p aren t. The 
use o f the t e s t  was c r i t i c a l l y  reviewed in  Chapter 5 and i t  may be th a t  
in h e ren t weaknesses in  the t e s t  were being r e f le c te d  in  th ese  r e s u l t s .  
One improvement in  the way the t e s t  has been adm inistered  in  my own 
experim ents, however, would be to  su b jec t each animal to  a  s e r ie s  o f 
t e s t s  in s tead  o f using  a  s in g le  t e s t  (Whimbey <& Denenberg I 967) .
3» P ossib le  Routes o f In fluence
W ithin the lab o ra to ry  mouse t r ia d ;  involv ing  th e  m other, the 
f a th e r  and the  l i t t e r ;  th e re  e x is t  a  number of p o te n tia l  ro u te s  of 
in flu en c e . The mother i s  l ik e ly  to  a f f e c t  th e  l i t t e r  d i r e c t ly  s in ce  
she i s  a  dominant in flu en ce  during  th e i r  development (R ichards I 967) .
The f a th e r  can a f f e c t  the  l i t t e r ,  e i th e r  d ir e c t ly  o r through the 
m ediation of the mother ( th e  su b je c t o f Chapter 6 ) .  Several workers 
have suggested th a t  th e  stim ulus c h a ra c te r is t ic s  o f the l i t t e r  can 
a f f e c t  m atem al behaviour which, in  tu rn , can in flu en ce  the
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behavioural development o f the  l i t t e r  ( f o r  example, B a rn e tt & Bum 
1966, 196?; Richards 1966a ) .  I t  i s  a lso  possib le  f o r  the  fa th e r  to  
in flu en ce  the stim ulus c h a ra c te r is t ic s  o f  th e  l i t t e r ,  which a f f e c ts  
m aternal behaviour and in  tu m , in flu en ces l i t t e r  development (Chapter 
6 ; Elwood & Broom 1978)* The l i t t e r  must a lso  be considered an agency 
l ik e ly  to  a f f e c t  the  in d iv id u a l pups in  i t .  L i t t e r  s iz e  e f fe c ts  on 
pup development, fo r  example, were examined in  Chapter 5* S e itz  
( 1954) concluded th a t  th e  th re e  v a r ia b le s ; l i t t e r  s iz e ,  m aternal 
behaviour and o ffsp rin g  behaviour; were re la te d  and in fluenced  each 
o th e r as chains o f in te ra c t in g  even ts. F ig . 7*1 shows a  number o f 
p o ssib le  ro u tes  o f in flu en ce ; some o f which have been considered in  
th is  p ro je c t .  Some o f th e  ro u tes  would a lso  c o n s ti tu te  su b jec t 
m a te ria l f o r  fu tu re  re sea rch .
4 . F u rth e r Research
Throughout th is  study , suggestions fo r  fu tu re  l in e s  o f re sea rch  
have been made. F u rth er suggestions a re  made a t  th is  p o in t.
Since no measurements o f mouse pup behaviour or development were 
taken a f t e r  day 30 , i t  would be in te re s t in g  to  e s ta b lis h  whether 
the e f fe c ts  noted were continued in to  a  l a t e r  s tag e  o f th e  su b je c ts  * 
l iv e s .  I t  might a lso  be the case th a t  some e f fe c ts  due to  
experim ental treatm ents would n o t m anifest them selves u n t i l  a  l a t e r  
period  o f development o r s tag e  o f a d u lt  l i f e .  The record ing  of 
o ffsp rin g  behaviour a t  an o ld e r age would help  to  determ ine th ese  m a tte rs .
Although th e  record ing  procedure was found to  be s a t i s f a c to ry ,  
th e  recording  sess io n  leng th  could now be extended in  fu tu re  
experim entation, to  e s ta b lis h  the  e f f e c t  o f sessio n  len g th  on the  r e s u l t s .
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I N D I V I D U A L  P U P S
Fig. 7.1 Possible routes of influence on behavioural development in the laboratory 
mouse.
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Extending the sess io n  len g th  may a lso  render the approach, of pooling 
o f d a ta  over two days, unnecessary.
Since a d iu rn a l rhythm operates in  lab o ra to ry  mice (Lockard 1963)1 
i t  would a lso  be valuab le  to  in v e s tig a te  th e  e f fe c t  o f record ing  a t  
d i f f e r e n t  tim es during  th e  d ay /n igh t cy c le . C ertain  trea tm en t e f fe c ts  
on p a re n ta l and o ffsp rin g  behaviour were no ticed  in  th is  p ro je c t ,  
where a l l  record ing  was c a rr ie d  ou t a t  th e  end of th e  dark phase o f the 
cy c le . One could q u es tio n , however, whether s im ila r  r e s u l t s  would 
have been obtained i f  a  d i f f e r e n t  p a r t  o f the cycle had been adopted 
fo r  record ing  purposes.
The a d u lt  males used in  my own experim ents were always the 
b io lo g ic a l fa th e rs  o f th e  pups in  q u es tio n . Would the  same r e s u l ts  
have been ob tained , however, i f  a  d i f f e r e n t  male had been su b s ti tu te d  
fo r  the  f a th e r  ? This r a is e s  the  same question  posed by M itchell & 
Brandt ( I 969) regard ing  p a te rn a l behaviour in  p rim ates, th a t  i s ,  
whether the r e la t io n s h ip  to  th e  in fa n t a f f e c ts  the d isp la y  o f "pa terna l 
behaviour*. There would be a  s e le c tiv e  advantage in  a d u lt  males 
ex h ib itin g  care tak in g  behaviour i f  th e  r e c ip ie n t  pups were h is  own 
o ffsp rin g . I f  a  f a th e r  did show fav o u ritism  to  h is  own o ffsp rin g , 
however, i t  would re q u ire  him to  be ab le  to  d isc rim in a te  between h is  
own and o th e r o ffsp rin g  (Hamilton 1964). Ostermeyer & Elwood ( 1983) 
found th a t  a d u lt  male mice were ab le  to  d isc rim in a te  between th e i r  
own o ffsp rin g  and o th e r  pups, mainly T?y means o f o lfa c to ry  cues.
I t  would be valuab le  now to  in v e s tig a te  th e  e f f e c t  o f  th re e  d i f f e r e n t  
types o f a d u lt  male mouse on the  development of a  l i t t e r  and on the  
m other's  behaviour.
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The th ree types o f male would he:
1 . the b io lo g ic a l fa th er  o f  the pups,
2 . a n o v e l, n o n -b io lo g ica l fa th er  (th a t  i s ,  a male w ith  
reproductive experience, but not the fa th er  o f  the pups in  
q u estio n ).
3 * a naive novel a d u lt male (th a t i s ,  a male w ith  no 
reproductive ex p erien ce).
Some research already conducted (Smith & Simmel 1977) suggests  
th at th ere would be d ifferen ces  due to  the three d if fe r e n t  treatm ents.
Auditory and o lfa c to ry  mechanisms have been invoked to  provide 
an explanation fo r  many o f the r e s u lt s  in  th is  p ro je c t . I t  would now 
be appropriate to  in v e s t ig a te  whether th ese  mechanisms r e a lly  have been 
resp on sib le  fo r  the observed e f f e c t s ,  by measuring the aud itory and 
o lfa c to ry  s ig n a ls  produced by the su b jec ts ,
5 , A pplication  o f  R esults to  the Wild S itu a tio n
The three s o c ia l  fa c to rs  examined in  th is  study were chosen 
because o f  th e ir  relevance to  the w ild  s itu a t io n  (Chapter l ) .  I t  i s  
worthwhile now to  consider whether some o f  the r e s u lt s  regarding the  
fa th er  are a ls o  a p p licab le  to  the w ild  counterpart o f  the laboratory  
mouse. This p ro ject has c lo s e ly  examined the r o le  and in flu en ce  o f  
the laboratory mouse fa th er . I f  the fa th e r  d isp layed  as much 
caretaking behaviour in  the w ild , there would be a number o f  
advantages fo r  the w ild  population . Berry e t  a l .  (1973) claimed 
th at a large  number o f  house mice (Mus musculus) deaths in  B r ita in  are  
due to  co ld . I f  the fa th er  remained w ith  the l i t t e r ,  in su la tio n  would 
be provided fo r  the o ffsp rin g  and th is  would in crease  th e ir  chance o f  
su r v iv a l. N est attendance by the fa th er  would a ls o  reduce the
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care tak ing  load of the mother emd th i s ,  in  tu m , could he o f advantage 
to  the  pups. The mother m ight, as  a  r e s u l t ,  show le s s  n e s t aversion  
and a ls o  have a  b e t t e r  opportun ity  to  o b ta in  food h e r s e l f .  Through 
both a  d i r e c t  ro u te  o f in flu en c e , and through a  m atem al m ediation 
ro u te , the  f a th e r 's  presence in  my own experiments could be equated 
w ith f a s t e r  pup development. Since the  o f fs p r in g 's  ea rly  d evelop ­
mental s tag e  would rep re sen t a  period of v u ln e ra b ili ty  in  the  w ild , 
f a s t e r  development would tend to  a id  su rv iv a l.
The question  rem ains, however, as  to  whether th e  f a th e r  would 
d isp lay  s im ila r  behaviour in  the  w ild  to  th a t  d isp layed in  the  
la b o ra to ry . Brown (1953) s tu d ied  mice in  the lab o ra to ry  which had 
re c en tly  descended from w ild s to c k . L i t t l e  in te r e s t  was expressed 
by th e  a d u lt  males in  the  young, although th e  occasional carry ing  of 
pups was observed. Jakubowski & Terkel ( I 982) compared p a te rn a l 
behaviour in  w ild , re c en tly  caught house mice to  th a t  in  la b o ra to ry  
mice. They concluded th a t  057 BL lab o ra to ry  mice were n o t ty p ic a l  o f 
the w ild  mouse in  terms o f p a ren ta l behaviour. Since s t r a in  
d iffe ren ce s  in  lab o ra to ry  mice cause such la rg e  d iffe re n c es  in  
behaviour (Moltz 1971» Newell I 967» Steng I 971) ,  i t  would be d i f f i c u l t  
to  m aintain th a t  w ild  mice behaved in  the same way as  a  p a r t ic u la r  
s t r a in  o f lab o ra to ry  mouse, w ithout f i r s t  e s ta b lish in g  th a t  th i s  was 
the  case . B liza rd  ( I 971) suggested th a t  most inbred s t r a in s  have 
been in  c a p tiv ity  f o r  so long th a t  they a re  l ik e ly  to  be g e n e tic a lly  
very d if f e r e n t  from the  w ild house mouse.
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Another factor  which would a f fe c t  the display of paternal 
behaviour in  the wild mouse, would be the existence o f other ad u lts. 
Since the house mouse breeds veiy  p r o l i f ic a l ly ,  i t  i s  common for  high 
population d en sitie s  to be reached and fo r  communal nesting  and l i t t e r  
sharing to  occur (own observations; Rowe 1973)* I t  i s  l ik e ly  that 
under these conditions the display o f paternal caretaking behaviour 
would be inh ib ited  by the proximity of several adult females 
(Gandleman, Rashke, Zarrow & Denenberg 1970; Down I 98O), The wild  
fa th er may, therefore, only exh ib it caretaking behaviour as a f a i l ­
safe  measure when there are many offspring to  be cared fo r , but few 
parents to provide the caretaking behaviour. Lawn ( I 98O) has con­
cluded that the issu e  i s  not whether male mice care fo r  th e ir  young, 
but rather under what circumstances the male mice would be able to  
maximize th e ir  reproductive success hy exhib iting caretaking behaviour. 
The suggestion i s  made that the exh ib ition  o f male parental care would 
be more l ik e ly  in  situ a tio n s where the male could id en tify  h is  
patern ity . Elwood ( I 983) has addressed the question of the lik elih ood  
of caretaking behaviour being displayed by the rodent fa th er in  the 
w ild . In contrast to  the r e la tiv e  ease o f laboratory mouse research, 
the study of wild house mice i s  fraught with d if f ic u lty ;  y e t only a 
study o f the w ild mouse w i l l  esta b lish  the extent to  which laboratory 
mouse behaviour i s  ty p ica l o f the wild s itu a tio n .
R E F E R E N C E
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